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FOREWORD

This Technical Report is the result of a work effort initiated by

the Requirements and Analysis Group of the Crew Systems Development

Branch (FMR), Air Force Flight Dynamics Laboratory, Wright-Patterson

Air Force Base, Ohio. Mr. Robert Bondurant III is the group leader and

Dr. John Reizing is responsible for human factors. The objectives of

this report included (1) providing a flight path displays literature

review to include display descriptions, design methods and strategies,

and related human factors findings; (2) researching evaluative studies

which measured flight (simulator) performance comparing flight path and

non-flight path display formats; and (3) based on conclusions drawn from

above research, proposing an integrated flight path display format for

future generation and evaluation.

The Bunker Ramo Corporation performed this work on-site at AFFDL under

USAF Contract Number F33615-78C-3614. The contract was initiated under

Task Number 240304, "Control Display for Air Force Aircraft and Aerospace

Vehicles" which is managed by Maj J.D. Vrettos, as Project Engineer and

Branch Chief for the Crew Systems Development Branch (AFFDL/FGR) Flight

Control "'ivision, Air Force Flight Dynamics Laboratory.
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SUMMARY

The feasibility and plausibility of flight path displays have been

researched with increasing interest over the past two decades. This

report has reviewed various developmental and testing efforts with

respect to flight path displays. Based on these findings, several

- - conclusions and recom.endations are enumerated.

Flight path displays provide pictorially presented command paths on a f
single CRT, which allow the pilot to visually perceive relative orienta-

tion, cl6sure, and flight progress. Human factors research indicates the

importance of aircraft orientation and motion perspective in helping the

Spilot successfully accomplish his flight tasks. The inclusion of a com-

mand flight path enhances the pilot's perspective view of his present and

intended path of travel, plus relative deviation from the command path,

* better enabling him to make accurate control judgments. A flight path

display which also includes a textural background and symbols providing

earth-referenced information allows the pilot to view the scene as one

which resembles the real world view outside his cockpit. A perspective

view of lateral and vertical flight change is thus provided.

To emphasize the importance of visual perspective and orientation,

one might imagine a situation where these dimensions were not provided.

If a pilot were tasked to land on a non-textured surface, but his only

visual aid was the view outside the cockpit, he would have extreme

difficulty in judging vertical motion and distance from the surface, and

he would be unable, if a horizon line were not immediately apparent, to

judge pitch or roll attitude. No perspective view of his motion through

space is provided, and the pilot would be unable to orient the aircraft

properly. If, however, the pilot were able to make control judgments

based on his ability to view a command pathway against a textured

surface, one might see how much easier the pilot's task would be when a

perspective view of the earth and relative deviation from a chosen course

are provided.
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... Generally speaking, current display systems do not Provide orienta-

tion, perspective, 
or closure rate cues. Pictorial 

flight path displays,
• ~however, are able to provide this kind of visual information. r.e formats"•
•" of flight path displays reviewed in this paper have addressed the impor-

S~tance of these dimensions. The research comparing flight path and non-pathway displays provide statistical indications that aircraft orientation 
.• and motion perspective enable better pilot performance.

-
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SECTION I

INTRODUCTION

Advances in the state-of-the-art of cathode ray tube (CRT) tech-

nology and microprocessor design, plus the increased flexibility of air-

-' craft display symbology, have made possible and have encouraged research

into the concept of the integrated flight path display, a format on which

both the vertical and horizontal path appear. Developmental and experi-

mental research involving flight path displays has been aimed toward

creating a format which will facilitate t1le pilot's flight tasks by pre-

senting on a single display the vertical and horizontal situations of

the aircraft with respect to a pictorially illustrated command flight

path. This command path is drawn to resemble a highway or "pathway"

which the pilot must follow either for navigation or to a touchdown on

the runway. This report addresses the research and developmental efforts

which have been made during the past two and a half decades with respect

to flight path displays.

Currently used electro-mechanical attitude-director indicators and

horizontal situation indicators are display systems which require a pilot

to scan the displays for attitude, relative position, and numerical infor-

9- mation regarding flight situation and to integrate these pieces of infor-

S-mation into a mental image of his flight conditions or path. Flight path

display formats differ in approach from these systems in that they provide

a perspective drawing of a path the pilot must follow in order to accu-

rately stay on course.

Baty's Coordinated Cockpit Display (see Section 2.1.1.7) is an

exception to the one-CRT format; the display is a three-CRT configuration

-which provides command paths for three separate perspectives of aircraft

flight.



C I
"Different authors have referred to flight path displays as path-in-

the-sky, contact analog, three-dimensional, perspective, tunnel, channel,

or pursuit displays. The various formats reflect a continuum of realism
projected by pictorial displays, which Carel and Zilgalvis (1964) have

categorized into three basic types: (1) literal (the symbols are drawn

in real-world relationship and shape), (2) analog (accurate perspective

pictures of a three-dimensional model and real-world dynamic response),

and (3) skeletal (content is miL,•mal and fragmented, but still is con-

sidered pictorial because there are geometric and motion similarities

between the elements of the display and their real-world counterparts).

The displays reviewed and discussed in this report vary along this visual

reality continuum according to the degree of similarity between flight

path display symbology and the real world. These variations account for (
the different terminology used to describe what will herein be referred

to as flight path displays.

Research into the relative value of a flight path display as compared

with other types of display systems has concerned itself with questions
addressing decreased pilot training, reduction of pilot workload, accurate

and flexible guidance and control during various flight maneuvers, improv-

ed aircraft weapon system performance, and safe and reliable landing cap-

ability.

The discussion which follows is a review of some of the technical and

experimental research which has been done with respect to the flight path

display concept. The parameters for each of the pathway displays discuss-

ed in this paper are enumerated and explained, and pilot performance dur-

ing testing of the various displays is discussed. The geometry of display

development plus pertinent human factors research with respect to pathway

display formats are reviewed. Based on the findings of previous research,

recommendations with respect to the development of future flight path

displays are offered for consideration.

2
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SECTION II

FLIGHT PATH DISPLAY DESCRIPTION

Several different types of flight path displays appear in the litera-

ture, and each differs from the others, to at least some degree, with

respect to display symbology and format. The terminology applied to the

various symbols also differs between displays, even when like or similar

symbology appears. Also, when certain parametric information is

displayed, it is indicated via different means in different displays, as

for instance, a relative displacement in one display, versus a numerical

readout in another. Labeled drawings of the displays and concise

narratives describing the functions of the symbology which appears on

each display are provided in Section 2.1. The terminology used to
describe the displays will mirror that which was used by the authors of

the referenced reports so as to maintain as closely as possible the

correct interpretation and intent.

2.1 Symbol Dynamics

A total of ten flight path displays were reviewed and selected for

inclusion in this report. They have been categorized under two separate

types of displays--those designed for use in fixed wing aircraft, and

those designed for use in rotary wing aircraft.

2.1.1 Fixed Wing Aircraft Displays

Seven of these ten flight path displays were intended for use

* in fixed wing aircraft. Their descriptions appear below.

2.1.1.1 Path-in-the-Sky Display; Kpox and Leavitt

Knox and Leavitt (1977) developed a contact analog

display, which they called Path-in-the-Sky (PITS), designed to integrate

information pertaining to airplane attitude, airplane kinematic

performance, navigation situation and path prediction onto one CRT

display (see Fig. 1).

3
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/ . - AIRPLANE ALTITUDE
ROLL POINTER DEVIATION FROM PATH

FLIGHT-PATH EARTH HORIZON

PREDICTION VECTOR //

PROGRAMMED FLIGHT FLIGHT-PATH-ANGLE

7' SCALE (SINCREMENTS)

AIRPLANE FLIGHT-PATH-ANGLE BARS

AIRPLANE SHADOW

POTENTIAL FLIGHT-
PATH-ANGLE BOX AIRPLANE SYMBOL

PROGRAMMED -AIRPLANE TRACK-ANGLE
PATH-ANGLE; POINTER AND SCALE
INDICATOR i- 5 i /iI

12- y 5 18

Figure 1. Path-in-the-Sky Display (From "Description of Path-in-the-Sky
Contact Analog Piloting Display", Charles E. Knox and

John Leavitt, NASA Technical Memorandum 74057, October 1977).

The symbols displaying path-tracking situation information are an

airplane symbol, a vertical projection ("shadow") of the airplane synbol

with an extended center line drawn at the altitude of the path, a

flight-path predictor, and a drawing of the programmed path. These are

drawn in a perspective display format as if the observer's eye were

located above and behind the airplane. The airplane symbol (a

tetrahedron plus a smaller tetrahedron at the tail) visually indicates

-* pitch changes; the symbol rolls and pitches about its apex (the

aircraft's true position with respect to the path) in accord wita the

* real airplane's attitude. The vertical projection of the airplane symbol,

which indicates altitude deviation and always remains in vertical align-

ment with the airplane symbol, is displaced above the airplane symbol

when the airplane is flying below the programmed path, and is displaced

below it when the airplane is flying above the programmed path. Left and

right lateral tracking deviations are indicated by left or right (respec-

tively) displacements of the airplane symbol and shadow from the path.

Altitude deviations from the programmed path are shown in numerical form

in a box in the upper right corner of the display. A dashed line flight

path predictor vector in the horizontal plane is attached to the shadow

4
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and indicates the airplane's predicted path for the next ten seconds of

flight at the aircraft's present bank angle and ground speed. An extended

shadow center line drawn from the apex of the shadow in the direction of

"the present track angle is shown to aid the pilot with the lateral

tracking task. The programmed path is drawn in perspective (behind and

above the real airplane). It disappears from the display at the fixed

horizon line when it is not within the horizontal and vertical field of

[ view. A set of vertical poles, one on each side of the path, is drawn at

points of transition between curved and straight segments. Programmed

path altitude changes are drawn with a straight line between waypoints,

A flight path angle scale, .appearing on both the left and right sides of

the display, and graduated in 50 increments with a range of + 200, !s

fixed vertically, but rotates with the airplane symbol about its apex

during banking maneuvers. Twin L-shaped bars move vertically on the

scale to provide an Earth-referenced airplane flight path angle. These

bars rotate with the scale when the airplane is banked. A potential

flight path angle box (left side of display) indicates acceleration in

the direction of the airplane's flight path. The box is drawn relative

to the bars as a form of thrust and energy management indicators. A

pilot knows that he will maintain his present ground speed if the bars

and box are adjacent. If the box were below the bars, the aircraft would

be slowing down; if it were above the bars, the aircraft would be speeding

up. The vertical angle of the programmed path is illustrated with a

truncated triangle, called a programmed path angle indicator. The

indicator moves vertically along the scale, pointing to the programmed

path. An airplane track angle scale moves left or right as the track of

the aircraft changes; a small triangle fixed to the center of this scale

points to the present track of the aircraft. A roll scale (wings level,

100, 200, 300, and 450 tic marks) appears at the top of the

display, and a pointer moves under the scale in the direction of the bank

angle. The roll pointer rolls with the airplane symbol and flight path

angle scale during banking maneuvers.

- A pilot and his aircraft are tracking correctly when flying down the

r center of the programmed path with the airplane symbol super-imposed over

5



the shadow. The flight path angle bars should ideally be parallel with

the programmed path angle indicator. The pilot must make adjustments in

these parameters as the programmed path changes direction vertically or

laterally.

TRUE&ARTIFICIAL PITCH BAR AIRCRAFT AXES
HORIZONS

ANGLE OF ATTAICK

CENTRAL

ROADWAY

*1 INDEX LINE
EXTENSION
OF AIRCRAFT
MAIN GEAR
FOOTPRINT

TWO SIDEWALKS

Figure 2. Farrand Path-:n-the-Sky haad-Up Display (from "A Multi-
Purpose Wide Field, Three Dimensional Head-Up Display

for Aircraft", Joseph A. LaRussa, Farrand Optical Co.,
Inc., Valhalla NY, circa 1960).

2.1.1.2 Farrand Path-in-the-Sky Head-Up Display; LaRussa

LaRussa (circa 1960) reported on the development of

the Farrand Path-in-the-Sky Head-Up display, which provides a true three-

dimensional roadway in the sky projected through the windscreen and super-

imposed on the real world. The path can be made to extend from the air-

craft to any desired location. Additionally, actual airspeed, desired

6
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VY. airspeed, steering errors, crab angle, roll attitude, angle of attack,

runway outline and an artificial horizon are provided as picture analogs.

L In the Farrand display, the artificial horizon, aircraft axes, a

central roadway and two sidewalks on either side of the roadway combine

to create an inside-out perspective of the flight conditions. The index

line which appears in the lower half of the display depiel-s an extension

of the aircraft main gear footprint along the aircraft velocity vector to

a point forward of the aircraft where the roadway should first become

visible to the pilot.

The pilot's task is to "guide" his aircraft down the command path,

maintaining command pitch angle and level flight by utilizing the pitch

"bar and aircraft axes as vertical and horizontal references with which to

align the horizon line and roadway centerline. As the aircraft flies

over the road, the pattern in the road appears to roll under the aircraft

at actual speed. The sidewalks, dependiitg on whether they move at a

slower or faster rate than the central pathway, provide cues for

increasing or decreasing velocity.

Where no ILS exists, the system with an inertial platform may be

used to generate a glideslope. The pilot flies parallel to the ground

plane and sets a desired glideslope. The glideslope intersects the

ground in advance of the runway while the pilot lines up with the ruaway

centerline, the aircraft reaches the glideslope and the Path-in-the-Sky

intersects the runway at a desired touchdown point. The pilot then

freezes the display so that it becomes inertially stable; he then

proceeds to fly the aircraft d'n-w the pathway to a landing.

( -<
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I" I
VELOCITY-

SIGNALS
VELOCITY VECTOR
or AIRPLANE SYMBOL

HAIRS

Figure 3. Channel Display (from "On a Solution of the Residual Problems
of Aircraft Control Especially in Zero Visibility Landings by

the Pictorially Quantitative and True Perspective Channel
Display", V. Wilckens, Berlin, Germany, 1973).

2.1.1.3 Channel Display; Wilckens

Wilckens (1973) proposed a true perspective, contact-

analogous and "inside-out" display system, which includes (1) velocity

"information and (2) path-guidance information (showing lateral and

vertical position information). This format illustrates nominal velocity '

relative to the nominal velocity of a moving reference system. A "flow"

of cross hair images to the center indicates reduced velocity, and vice

versa. The display, the author advocated, could be interpreted as

command for acceleration or deceleration.

Path guidance information appears in the form of a curved channel or

"street" which, in contrast to the velocity signals, incorporates

space-fixed structural elements. Attitude angle appears the same as for

visual contact. Wilckens advocated highly sensitive lateral and vertical

'• position information to be incorporated into the channel display. The

Spilot's tasks require him to guide the aircraft down the middle of the

channel, with the velocity vector aligned in its center. If his speed isj •accurate, the velocity signals will appear stable.

4•I 8
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2.1.1.4 Three Dimensional Channel Display; Kraiss and
Schub ert

Kraiss and Schubert (1976) evaluated (see Section
' . & 3.1.1) a rectangular, three-dimensional command path they called a

channel. Their channel display (see Fig. 4) is similar to Wilckens'.I

Six rectangularly arranged reference points may be used for qualitative

readings of pitch and ieading angles and for the quantitative estimation

of horizontal and lateral deviations. Three additional points in the

lower part of the display are roll angle references. The actual track

predictor is a dashed line which bends laterally with respect to bank
angles and a V-shaped symbol that corresponds to the far end of the

channel. The dashed center lines and the stripes on the outside of the

channel move toward the pilot, giving an impression about the aircraft's

actual speed. If a pilot is flying correctly on the programmed path, the

V-sign will be aligned to the far channel end, thereby allowing the

dashed centerline and dashed predictor line to fall together. The

command channel will fit exactly between the four reference points.

HEADING,
AN~GLE

AW -_50 _ _

I -I ARTIFICIAL
PITCH, 0 HORIZON
"ANGLE -"o=25o[ I REFERENCE1~ 0 MARKS

I ~PRE DICIOR

CHANNEL--

100

-ROLL ANGLE

Figure 4. Three Dimensional Channel Display (from "Comparative Experi-
mental Evaluation of Two-Dimensional and Pseudo-Perspective
Displays for Guidance and Control", K.F. Krauss and E.
Schubert, Research Institute for Human Engineering,
Buschstrausee, Germany, November 1976).
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i2.1.1.5 Glideslope/Localizer Path Display; Eisele, Willeges,

and Roscoe

2cEisele, Willeges, and Roscoe (1976) tested (see

Section 3.1.2) various combinations of like symbolog, in a pursuit display

format designed for landing modes. The displays differ in that each one

tested was some combination of the following symbology. The complete

display, as proposed by Eisele, et. al., involves a perspective glidepath

analogous to . "highway in the sky". The glidepath is created symboli-

cally with glideslope/localizer T-bars which the pilot is to follow by

aligning his aircraft laterally and vertically so that the crests of the

T-bars align parallel to the horizon line, and aim toward the touchdown

aimpoint. The attitude index lines indicate a range within which the

horizon line must fall for accurate pitch; this index also aids the pilot

in controlling bank attitude in the same manner. A velocity vector in

the form of horizontal lines appears, indicating the relative speed with

which an aircraft is moving (although the authors do not describe how

they function). Flight path predictors, short vertical lines which inter-

sect the lines of the velocity vector, inaicate the present and future

flight path which the pilot uses as an indicator of -roximity to the

co-mmand path for purposes of capturing the path. The T-bars are aligned

so that a pilot may judge his distance from the runway aimpoint, and

command path perspectively. In the tested displays, a grid plane appears

which the pilot may use to approximate the range to aimpoint, provided

that the squares of the grid represent a given distance. The authors

defined the resulting flight control task as one of pursuit rather than
compensation, a pursuit display having at least two moviixg indices with a

•. common refere-ce systemt one representing the pilot's own airplane or
projected flight path plus one representing his desired position or

flight path.

10



-HORIZON

, -- ATTITUDE ATTITUDE
INDEX ,-"INDEX

VELOCITY VECTOR
AND FLIGHT PATHPREDICTORS

PERSPECT'VE VIEWI
OF RUNWAY OUTLINE,
CENTERLINE, AiMPOINT,
AND FINAL APPROACH
T- BARS

Figure 5. Glideslope/Localizer Path Display (from "The Isolation of

Minimum Sets of Visual Image Cues Sufficient for Spatial
Orientation During Aircraft Landing Approaches", J.E. Eisele,
R.C. Willeges, S.N. Roscoe, Aviation Research Laboratory,

University of Illinois at Urbana-Champaign, Savoy IL,

November 1976).

2.1.1.6 Digital Contact Analog Display; ildud

I iWild (1966) described the General Electric Contact

Analog Display, prepared for Joint Army-Navy Aircraft Instrumentation

Research (JANAIR), as an advanced laboratory version of a digitally

implemented contact analog display system. The display features (see

Fig. 6) a textured ground plane and ;ky plane, terrain information, an

r! airborne target symbol, a weapons symbol, an impact point (or velocity

vector) symbol, velocity cursor, two sets of program~ner-selectable

4-digit numbers, and an earth-stabilized flight path which could be used

as a flight director.

Ii
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Figure 6. Digital Contact Analog Display (from "Advanced Digital Contact
Analog Research", E.C. Wild, General Electric Company,
Electronics Laboratory, Syracu3e NY, June 1966).

Th"e pilot's general tisk is to assess his flight conditions perspec-

tively in relationship to the various symbols. For piloting/referential

purposes, the ground plane is tangent to the earth's surface at the nadir

of the airplane. ThL display system was designed for use with manned

aircr&ft and weapon system simulators. The pilot's task involving

weapons and target rpquires him to po.'ition the weapon symbol, or hollow

square (which represents the aircraft's weapon, and appears directly above

the impact point of the aircraft) so that it superimposes over the air-

borne target symbol (a solid square which changes in size according to the

aircraft's range to the target). The display provides a velocity cursor

(a line stret',hing horizontally across the screen), which moves vertically

"to indicate speed. (The author is rot explicit as to how movement indi-

cates speed.)

A runway and two obstacles appear on the ground texture perspec-

tively, and these, combined with the changing texture of the ground and

runway as altitude and attitude vary, give the pilot a perspective view

"of his flight situation.
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4 ThM flight path, which is edrth-referenced, is capable of commanding

all six degrees of motion and thus indicates pitch, roll and yaw atti-

tudes, plus altitude, lateral displacement and heading (ground plane

heading and horizon may be trimmed, i.e., pattern can be oriented in

" •selected direction and altitude).

2.1.1.7 Coordinated Cockpit Display; Baty

Baty (1976) proposed a pathway display which

deviates somewhat from other flight path displays in that the format is

comprised of three separate components, arranged as illustrated below

(see Fig. 7). It is included in this report, however, because it
provides command path information for each of the three axes, and thus

provides an alternative to the presently popular idea of flight path

display formats. It is included, also, for another reason: the

cross-check capability (each of the three displays shares one of its two

dimensions with one of the other two displays) helps satisfy the pilot's

need for accuracy verification.

The three-display configuration is based on three orthogonal planes

of the aircraft situation: (1) perpendicular to the pilot's forward

line-of-sight, (2) parallel to the ground, and (3) perpendicular to the

-'• other two. These are interpreted for the pilot through a vertical

situation display, a horizontal situation display, and a side vertical

situation display, respectively. The displays are designed in order to

relate qualitative information to quantitative information. The author

proposed a color-coding scheme that is identical across all three

- displays which, briefly, would be assigned as follows: red for control

information, green for performance information, and yellow for navigation

information.

13
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(2) indicate speed via the streaming effect of the passing ground.

Heading, altitude and airspeed are read by a combination moving tape and

digital readout. Turn rate (rate of change of heading) and instantaneous

vertical speed indication, or IVSI (rate of change of altitude), are

indicated with markers along the heading and altitude scales,

respectively.

Flight path angle (FPA) and potential flight path angle (PFPA) are

indicated with one symbol, to be used in relationship to the velocity

vector, or aiming point. The FPA/PFPA symbol is used to show flight path

2 angle relative to t,.e horizon or to any spatially located point such as a

three dimensional waypoint, runway threshold, or another aircraft. The

symbol functions ii. the following way: when the PFPA is level with the

FPA, speed is constant. If PFPA is above FPA, acceleration is positive,

so speed will increase. If PFPA is below FPA, the acceleration iu nega-

tive and speed will decrease. A pilot may change pitch attitude to main-

tain current airspeed without changing thrust, or, he may change throttle

until the PFPA reads the same value as for flight path.

The Side Vertical Situation Display (SVSD) is designed to relate

present aircraft altitude to future altitude requirements. The aircraft

symbol remains fixed at the altitude digital readout box. The moving

tape/digital readout operates the same as in the VSD, except that in the

SVSD, altitude is barometric, and in the VSD it is from radio. Signifi-

cant terrain features (not pictured) increase pilot awareness of terrain

altitude. Flight path angle and potential flight path angle are read

against an expanded angle scale. The aircraft symbol rotates about its

midpoint to indicate pitch attitude. The IVSI readout (negative or

positive) in the upper left corner of the display shows absolute vertical

speed, which supplements the analogue readout on the VSD. The arrow

appearing above or below the box reinforces the sign information of the

up or down velocity of the aircraft. The desired vertical track is a

segmented line moving toward the aircraft symbol, and relevant tags

indicate waypoints, marker beacons, and so forth.

15



The Horizontal Situation Display (HSD) appears as though the pilot

is looking at a map -- it represents the aircraft's geographic position

-- relative to a desired track (as pictured), navigation aids, waypoints,

runways, or prominent geographic features. The lateral track error may

be displayed with a portion of the desired track displaced to the right

or left to indicate the direction in which the pilot must fly in order to

correctly resume his course position. A range altitude indicator appears

on the display to show the point at which the next waypoint altitude will

be reached if present vertical situation is maintained. Ground speed and

wind speed vectors appear together in the lower left corner, providing

"the pilot with an additional means of checking and assessing his flight

conditions.

It is the pilot's task to assess the information he needs from

scanning displays and to note any critical changes in his flight

conditions as indicated by any display(s) he currently is watching.

He must correct navigational errors by first selecting the display which

can help him most at a particular instance, and checking his correction

by re-scanning all the displays.

2.1.2 Rotary Wing Aircraft Displays

The remaining three flight path displays included for

discussion in this report were designed for use in rotary wing aircraft,

and are described below.

2.1.2.1 SAAB Perspective Display; Murphy, McGee, Palmer,

Paulk and Wempe

"Pilot performance was investigated (see Section

3.2.1) using a modified SAAB perspective display. The SAAB display (see

Fig. 8) indicates altitude error using the upper ends of perspective

"poles" in relationship to the moving horizon line. Flight path angle

and course are indicated by use of a velocity vector and an aiming dot in

a "fly-from" orientation. Altitude error and bank information are pre-

16
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AIMING DOT VELOCITY VECTOR N
_--SYMBOL
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REFERENCE HEIGHT•:& POL.E--,'

DISTANCE TO GO D19500
Figure 8. SAAB Perspective Display (from "Simulator Evaluation of Three

Situation and Guidance Displays for V/STOL Zero-Zero Landings",
M.R. Murphy, L.A. McGee, E.A. Palmer, C.H. Paulk and T.E. Wempe,
NASA Ames Research Center, Moffett Field CA, April 1974).

sented in conventional "fly-to" orientations. A reference height pole is

provided for determining absolute altitude. The distance of the airspeed

error indicator from the periphery of the velocity vector symbol indicates

airspeed error. Altitude rate is indicated which is similar to a glide-

slope indicator. Digital readouts for altitude, airspeed, and distance to

go appear on the display. A heading tape and window indicate heading. In

the SAAB display, the pilot's task is to align the pole track and aiming

dot with the velocity vector symbol.

2.1.2.2 Pathway Display and Pathway with Tarstrips Display;

Sgro and Dougherty

1
Sgro and Dougherty (1963) developed and evaluated

(see Section 3.2.2) two types of pathway displays for helicopter flight

maneuvers (which, by nature, differ from airplane flight maneuvers).

IEmery and Dougherty used these same displays in their evaluations (see

Section 3.2.2).

r . 17



LINE HAZE
LAYER

BASIC
GRID PLANE PATHWAY

Figure 9. Pathway Display (from "Contact Analog Simulator Evaluations:
Hovering and Air Taxi Maneuvers", J.A. Sgro and D.J. Dougherty,
Bell Helicopter Co., Report No. D228-421-016, Fort Worth TX,

,December 1963).

- The first display showed a basic grid plane which moves perspectively with

4the movement of the aircraft, relating lateral and vertical flight devia-

tions to the pilot. The grid (white lines on a black background, not
shown in illustration) is presented with real world perspective (a 360°0
turn presentation capability) with four vanishing points termed cardinal

heading. The squares decrease in size as the aircraft increases its

"altitude. Each square represents twelve feet per side. Every eighth

line is wider than the others to assist in altitude reading. A sky

texture is shown above a fixed accentuated horizon line. A simulated

haze layer (50 viewing angle) appears just below the horizon line to

prevent confusion during convergence of grid rines forming linear per-

spective. The earth stabilized command pathway represents a 30-foot wide

area over the grid plane. The pathway lies across the grid line during

lateral deviations and the pathway remains fixed in size, appearing to

move with the pilot during vertical deviations. The second pathway

display includes tarstrips (or cross bars sitnated 30 feet apart) which

move toward the observer indicating ground speed information. Correctly

18
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HAZE

LAYER

GRID PLANE , TARSTRIPS

PATHWAY

Figure 10. Pathway with Tarstrips Display (.:rom "Contact Analog Simula-
tor Evaluations: Hovering and I.r Taxi Maneuvers", J.A. Sgro
and D.J. Dougherty, Bell Helicopter Co., Report No.
D228-421-016, Fort Worth TX, December 1963).

flying the aircraft with the Sgro/Dougherty display requires a pilot to

maneuver the aircraft so that the grid appears to be moving straight

toward the pilot to prevent and/or correct for the grid lines slanting

diagonally. Also, he must manipulate the aircraft vertically such that

the end of the pathway does not appear stationary or fixed in size.

2.1.2.3 Contact Analog Display; Curtin, Emery, Elam and
Dougherty

Curtin, Emery, Elam, and Dougherty (1966) developed

for the JANAIR Program a vertical display, or contact analog, used during

flight tests (see Section 3.2.4) in a Bell UH-1 helicopter. The display

was tested using different combinations of available symbology, which

included a ground plane, a flight pathway with tarstrips and speed command

marker, a ground position identifier (GPI) positioned independently on the

ground plane, sky texture (clouds), and director symbols in the form of a

cross and square. The basic format for the display (see Fig. 11) appears

on the following page. The display with the pathway would appear similar

to the display in Figure 10.

"19



VERTICAL DISPLAY

/SKY TEXTURE

GROUND PLANE

FIXED AIRCRAFT
• SYMBOL

SLIDE PRESENTATION
OF A MOVING MAP

HORIZONTAL DISPLAY

[ Figure 11. Contact Analog Display (from "Flight Evaluation of the
Contact Analog Pictorial Display System", J.G. Curtin,
J.H. Emery, C.B. Elam and D.J. Dougherty, Bell Helicopter
Co.. Fort Worth TX, February 1966).
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S • The ground texture, GPI, and pathway have six degrees of freedom.

S ? The cloud texture moves only in response to pitch, roll and yaw and sup-

,• 'plies only orientation information during extreme attitudes when the hori-

:• zon line or ground texture become obscured. The horizontal display (a

•: slide presentation of a moving mar. with a fixed aircraft symbol in the

• center of the display) appears directly below the vertical display and

provides heading information.

S~2.1.3 Summary

An analysis of the referenced flight path displays shows that

!• several levels of display integration have been addressed by the various

• formats. Each has been described separately in terms of its design and
Sintended usage. When judging the displays in terms of their effective-

hess, it must be removes onyi responed of every display are pitchs

attitude and roll indicators in order that the pilot may accurately and

safely maneuver the aircraft. Tables I and 2 summarize the flight path

c fdisplays discussed in Sections 2.1.1 and 2.1.2, and analyze them with

respect to the following categories:

2. : 1) command

S~2) control

\2 3) performance
A4) navigation t

These four categories of information are found on contemporary instrument
panels and are basic to the principles of attitude instrument flight as

currently taught in the USAF. They are defin Air Force eianual
51-37, Fling Train inb, Instrument Flyingr as followsp

is) command: steer in S ions 2.11ining attitude, heading and target

h or course signals to form integrated attitude commands to

Teefuc intercept and maintain a desired path;

cgTdr21



Table I.
COMMAND, CONTROL, PERPFOWIACE AND NAVIGATION DIMENSIONS OF FLIGHT PATH DISPLAYS

Fixed Wing Aircraft Displays i

Flight Path Displays COMMAND CONTROL PERFORMANCE NAVIGATION

MECHANICAL OR ELECTRONIC Pitch steering Attitude Airspeed Beating pointer(s)
ATTITUDE DIRECTOR INDICA- bar indicator Altitude Course deviation indicator
TOR/HORIZONTAL SITUATION Bank steering Power Heading Clidemlope deviation indicator
INDICATOR bar indicator Vertical velocity Distanc. measuring equipment .'

Angle of attack

Knox and Leavitt:

PATHI-IN-THE-SKY DISPLAY Bank angle Flight path angle Vertical projection of airplane
Pitch Flight path accel- symbol with extended line drawn
changes eration at altitude of path

Airplane Altitude deviation Flight path predicator
symbol Heading Programed path

Vertical path deviation
Lateral path deviation

LaRussa:

FAP.X&%D PATH-IN-THE-SKY Pitch bar Roll attitude Desired airspeed Crab &ngle

HEAD UP DISPLAY Aircraft axes Pitch atti- Airspeed Runway outline A

Steering errors rude Angle of attack Pathway (central roadway plus two
Velocity vector sidewvlks)

Index line

Wilckena: 4

CHANNEL DISPLAY (Acceleration/ Attitude Velocity Path guidanze
deceleration La-eral position information
cosand)' Vertical position information

Glide angle
Trajectory vector

KrAlss and Schubert:

THREE DIMENSIONAL Pitch angle Heading angle Co=rand path
CHANNEL DISPLAY Roll angle Speed indicator Lateral deviation

Horizontal deviation
Actual treck predictor

Eisele. WIlleges
and Roscoe:

CLIDESLOPE/LOCALIZER Pitch index Velocity v.tcor Touchdown aimpoint
PATH DISPLAY Bank atti- Flight path Vertical deviation

tude(approx) Flight path Lateral deviation
predictor Clideslope-localizer T-bars

Range to aimpoInt
Texture grid
Desired final approach path
Perspective view of runway

Wild:

DIGITAL CONTACT ANALOG Climb Roll attitude IHeading Runway
DISPLAY Left and right Pitch attl- Altitude Obstacles

turn tude Velocity vector Runway texture
Weapons symbol (or Impact point) Ground texture

Two 4-digit numbers Target
Bary:

COORD INATED C.CKPIT
DISPLAY

Vertical Situation Pitch angle Heading Aircraft symbol
Display Bank angle Altitude (radio) Horizon line

Potential Airspeed Having perspective

flight p.th Turn rate CGound plane
Aircraft Instantaneous

symbol vertical speed
indicator (IVSI)

Flight path angle

COORDINATED COCKPIT
DISPLAY
Horizontal Situation Aircraft Flight path De.ired course line
Display symbol Range altitude Navigation aids

Croundspeod Waypoints
Windspeed Runways

Obstructione_

Lateral track error

COORDINATED COCKPIT
DISPLAY

Side Vertical Situation Aircraft Altitude (baro- Terrain features
Display symbol metric) Desired vertical track

Potential Flight path angle Vaypoints. beacons, etc.lighth path ]lVS1

angle

Possible Interpretation according to WilckensL .... 22
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'" Table 2

COMMAND, CONTROL, PERFORMANCE AND NAVIGATION DIMENSIONS OF FLIGHT PATH DISPLAYS

Rotary Wing Aircraft Displays

Flight Path Displays COMMAN'D CONTROL PERFORMANCE NAVIGATION

Mlurphy. Mc~ee. Palmer.
Paulk and Ueape:

"SAAB PERSPECTIVE DISPLAY Flight path Flight path angle Vertical deviation
(MODIFIED) angle error Lateral deviation

Roll angle Altitude Course error
Heading Distance-To-Go
Airspeed
Altitude rate

_Airspeed error

"Sgro and Dougherty'
(JANAIR;:

PATHWAY DISPLAY Altitude Command pathway
_Z, Heading Basic grid plane

Lateral deviation
Vertical deviation

Sgro and Dougherty2
(JANAIR):

PATHWAY WITH TARSTRIPS Altitude Command pathway
DISPLAY Heading Basic grid plane

Speed indication Lateral deviation

(rarstrips on Vertical deviation
________________________ ______________pathway)_______________

Curtin, Emery, Elam,
Dougherty:

CONTACT ANIALOG DISPLAY Altitude error Tarstrip speed
WITH PATHWAY. Speed error Path bearing

Bearing to desti- Path scope
nation Lateral deviation

Distance to des- Distance to touchdown
tinatlon

H to destination

IE to destinction

1-2 Every and Dougher:y used these same displays in their evaluations (See Section 3.2.3)
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2) control: instruments displaying attitude and power indications and

calibrated to permit attitude and power adjustments :r,

" definite amounts, (i.e. thrust or drag relationship);,,

3) performance: instruments indicating the aircraft's actual performance;

and

4) navigation: instruments which indicate the position of the aircraft

in relation to a selected navigation facility or fix. 4

Tables 1 and 2 are intended to facilitate comparisons between dis-

plays. The terminology used to describe the displays will be that which

was used in the referenced documents. For reference purposes only, Table

1 will include an analysis of mechanical/electronic attitude director

indicators and horizontal situation indicators like those found in cur-

rent aircraft. Illustrations of an ADI/HSI and an EADI are provided in

Appendix B of this report to aid in comparing current and flight path

displays.

2.2 FORMAT DESIGN

The following information addresses the actual development --

geometric design and symbology content -- of flight path displays.

Included in this section are remarks by the scientists/engineers who

developed the displays (discussed in the previous subsection) as to the

various methods they used to format and build their displays.

2.2.1 Field of View

No concensus has been achieved on field-of-view for flight

path displays. Various authors (as noted below) recommended fields-

of-view from 12.50 to 1800 and angles in-between.

Li2
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Knox and Leavitt (1977) reported that a 60 field-of-view (FOV)

with a corresponding 450 effective field of view (or actual angle be-

tween the top and bottom of the viewing screen) resulted in good defini-

tion of vertical and lateral path deviations (see Fig. 1). They advocated

that FOV should be selected before other geometric parameters, so that it

equals twice the angle between the horizon line on the viewing screen and

either the top or bottom of the viewing screen, whichever is larger. If

- the horizon line is drawn other than at the vertical center of the viewing

screen, a portion of the display will be clipped off, resulting in a

smaller actual FOV. Increasing the FOV moves the eye position closer to

the screen, creating two effects on the display's perspectives: (a)

increase in size of path, and (b) eye position adjustment, whereas the

pilot looks more on top of the aircraft symbol and path, but less toward

the rear of the airplane symbol.

Wilckens (1973) advocated a viewing angle (see Fig. 3) of up to

1800 (if necessary). As steering progresses, the angle may be reduced

to a value more favorable for precise steering.

Display viewing angle may, Wild (1966) reported, be set to any angle

between +63.40 and +12.50 (see Fig. 6).

Sgro and Dougherty (1963) employed a 12-by-12-inch image and a 300

X 300 field-of-view (see Fig. 9).

Carel and Zilgalvis (1964) reported, based on a series of studiei,

that in literal displays, increasing hazard exists when departing from an

image magnification factor of 1.2. In general, they stated, it is more

important for the pilot to see where he is going than where the aircraft

is pointed. Thus, they suggest that the size of a literal display should

be calculated from the relationship S = d tan (a, + 30) where S = 1/2

display height, d viewing distance, aL = maximum angle of attack dur-

ing landing, and 3 = constant to essure visibility of this amount

around the velocity vector, assuming that the horizon null appears at the

25



cente. of the display when pitch equals 0° and that unit magnification

is used. (Author's note: according to Air Force mil specs, a 28-inch

viewing distance and a 130 maximum angle of attack are required for

fighter aircraft displays. These figures, when substituted in the

referenced formula, reveal that a display whose vertical dimension is @

16 inches (28 x .28675 x 2 = 16.058) would be necessary to satisfy the

requirements set forth by Carel and Zilgalvis for a literal display. How-

ever, implied in this finding is that a literal display would not, due to

its large size, be feasible in a fighter cockpit).

Emery and Dougherty (1965' evaluated different display conditions

with respect to screen size and image field-of-view. Both six-inch square

and twelve-inch square screens were tested at viewing distances which

yielded visual angles of fifteen degrees and thirty degrees. Thirty-

degree and sixty--degree image fields-of-view were tested with the two

screen sizes. Their findings revealed that image field-of-view did not

affect pilot performance measures; approach airspeed control was signifi-

cantly better (p < .05) when the pilots used the twelve-inch by twelve-

inch screen (since, the authors surmised, the pitch controlling factor

was more easily discernible on the larger screen), but final touchdown

position control was better (p < .05) when pilots used the six-inch by

six-inch screen (attributable to their contention that television raster

scan on the 6 inch screen resulted in better visual resolution of infor-

mation on the display than on the 12 inch screen).

2.2.2 Relative Eye Position

Fig 1 z Knox and Leavitt (1977) reported that the magnitudes of (see

Fig. I) ze (the vertical deviation the airplane may be below the path
e

with pilot's eye looking directly at rear of shadow path) and z

, (maximum height that the airplane may be above path before shaclow disap-

pears from bottom of display) for a given FOV vary the size of airplane j
symbol, shadow and path by moving the airplane closer ov farther away from

the viewing screen, affecting the degree to which the top and rear of the
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airplane syubol is displayed to the pilot. It was subjectively determined

by the autho-s during initial display development that the value of the

C" parameter z can be 1 to 1.5 times that of zs. The values ze and

"z (their display format showed each to be 500 feet) are functions of

the vertical-tracking-accuracy requirements. The magnitudes of these

values, according to the authors, should be selectable by the pilot during

actual flight operation. Knox and Leavitt (1977) suggest that a mode

switch allow the pilot to select path capture, en-route tracking, and ap-

proach tracking options, and that during en-route tracking, z and z

should be approximately 150 to 300m (492 to 984 ft), and during approach

tra-king, 30 to 90m (98 to 295 ft).

2.2.3 Coordinate Systems

Knox and Leavitt (1977) reported that the coordinate systems

used in the generation of the'r Path-in-the-Sky perspective display (see

Fig. 1) are represented by two reference axes systems--the Earth fixed

axes system and the moving reference axes system. The Earth fixed axes

system is an orthogonal system with the Z axis pointing toward the center

of the Earth, while the X and Y axes are tangent to the Earth's surface.

The moving reference axes system (x', V, V) is an orthogonal system

attached to the aircraft's center 3f gravity. The X' (points toward

horizontal direction of flight) and Y' axes remain in a plane tnngent to -

the Earth, and the Z' axis points toward the center of the Earth. The

moving axes do not rotate due to airplane bank, pitch or yaw angles.

The authors noted that the X' axis was fixed tangent to the Earth's

surface fo." simplification of the computational requirements in the

graphics computer. A potential drawback exists in that airplane maneuvers

that require large (300) flight path angles could distort the display.

However, the authors felt that, since this initial effort had been devel-

oped for transport-type aircraft, fixing the X' axis on a plane tangent

to the Earth would not adversely affect the display development.

•- 2
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2.2.4 Symbology Construction 4

Various scaling and comput.er interface techniques used in the , 9
creation of the pathways, symbols, ar.d textured surfaces of the flight

path displays are described in the following three sub-sections. The

scaling of each will be addressed first within each sub-section, followed

by a discussion of applicable computer interface techniques.

2.2.4.1 Pathways

a. Path width is independent of all other geometric

parameters, according to Knox and Leavitt (1977). The width must be

specified (see Fig. 1) to allow the pilot to clearly view airplane,

shadow, and path symbology interactions. Reduced path width, however,

allows for detection of smaller path deviations, hence higher precision

path tracking. The authors used a path width of 400 feet for their I
display format.

Symmetric and equal guidance components were set up on both sides of

the "street" in Wilckens' (1973) display (see Fig. 12, below).

180.250 N.j

Iii}
9 9- 5' 0'

Figure 12. Guidance Components Used in the Construction of Wilcken's5
Channel Display (from "On a Solution of the Residual Problems
of Aircraft Control Especially in Zero Visibility Landings by
the Pictorially Quantitative and True Perspective Channel-
Display", V. Wilckens, Berlin, Germany, 1973).
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"The scale properties of half of the extendee angle ¶1-¶9/2 allows for more

precise control. The aircraft (or, to be more precise, the pilot's head)

moves exactly along the nominal flight path if the perspective angle be-

tween the center lines of M and N is extended to equal ¶ = 180.250; the

center line of the street is peipendicular to this (dashed lines in

Figure 12 added by author). The center lines serve to display nominal

deviations in the plane corresponding to them, and provide optimal

sensitivity in the other plane.

The next step involves combining the three identical information

elements into a single one. Wilckens (1973) had not yet defined the most

favorable signal sensitivity, to which the elements (MNO) of the nominal

path are assumed to be matched, so he joined the three elements to form a

channel-like symbol in which the areas were enlarged to opposite facing

intersection lines. The width of the surfaces M, N, 0 specify important

motion tolerance. The elements must be moved together. Thus, the author

reported, the display sensitivity naturally changes for the vertical and/

or lateral guidance, in accordance with the decrease of hA. In other

words, the parallel boundaries of the three elements display range (as

does the centerline), and maintain the optimal sensitivity along the

other axis. He suggested the possibilities of (1) closing the channel to

"a tunnel to avoid entering a neighboring flight corridor, or (2) omitting

the upper halves of elements M and N when no upper limits of motion exist.

Wilckens (1973) advocated that fixed and strictly maintained toler-

ances for the three coordinates exist for the landing channel. The air-

craft, he reported, must not set down ahead of the prepared runway

(x-axis), next to the runway (y-axis), or hover under/above the runway

level. The channel dimensions for the final phase include (1) the lateral

tolerance limit, dependent on type of aircraft, runway width, and runway

surroundings, plus (2) vertical tolerance limit, set by the center line

and upper edge of the vertical element. On a firm basis, he reported, the

width of the channel may be matched to the run-way. The maximum flyable

glide angle is indicated via the upper half of the vertical information
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COIL z. During landings, he advocated, +±OM lateral maximum deviations

were sufficient; during close formation flights and in-flight fueling, •

the deviations are about IM. (Note: The practicality of flying close

formation using a head-down display is negligible.)

The authors proposed the inclusion of a display of the trajectory

vector, to represent the point track of the trajectory tangent in displays

and in the surroundings. His reasons were that the attitude angles and .

flight trajectory tangents uncouple as the velocity decreases in rotating

wing aircraft and other VTOL aircraft, and in less conventional aircraft

(STOL), the deviations are larger. The channel renders the trajectory

vector perceptible, in addition to providing for the high steering infor-

mation discussed above.

In Wilckens' (1973) proposed display, the sensitivities of the errors

which determine the trajectory control accuracy, controllability plus the

display for the motion tolerances were rigidly connected with the dimen-

sions of the channel cross-section. The channel dimensions, he reports,

which represent the motion limits as dictated by the environment, must be

accurate. He tested the effects of several combinations of widths and

heights of the channel against various flight tasks using a constant

ratio of H/W 0.375:

W Meters 20 40 80 240 480

H Meters 7.5 15 30 90 180

Wilckens (1973) interpreted the results to mean that (1) with increasing

miss sensitivity, and hence increasing stress on the pilot, the higher

degree of difficulty of lateral control has a greater effect, and (2)

requirements of the lateral control task increase compared with the

elevation control task, and the lateral control allows an increased

control activity compared with the longitudinal control with no detri-

mental consequences. He also found that the optimum of the miss average

71'
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values for moderate degree of work is located at those channel dimensions

required for correct lateral tolerance display during the critical end

phase of landing.

Kraisa and Schubert (1976) conceptualized a channel (see Fig. 4)

A which would begin at a fixed distance of 100 meters in front of the air-

craft, and reach 600 meters beyo-nd. Lateral scaling, they decided, would

be 200 meters and vertical scaling, 50 meters. Only the lower half of a

tunnel was indicated, and cormmanded altitude was reached when the landing

gear of the aircraft leveled out uith the upper edges of the channel

walls.

The perspective, earth-stablized commanded flight path in Wild's

(1966) -isplay (see Fig. 6) is capable of commanding all six degrees of

freedom of motion, which enables it to display climbing and diving banked

turns. The inputs for the flight path are its altitude and its north and

Nast to-ation wi'h respect tc some origin. The aircraft referenced flight

director has inputs of altitude and lateral displacement. The flight path

consists of three longitudinal strips. By deleting a selected portion of

the center strip _t a chosen location, a representative site on the path

ma- be indicated.

D. During the drawing of the perspective path in

the Knor and Leavitt (1977) display (see Fig. 1), the graphics computer

simulation program keeps track of the airplane's (moving reference system)

position and direction with respect to the Earth fixed axes. Internal i!

computLer algorithms perform the transformations required for drawing the

perspective path on the viewing screen.

Stroke writing techniques for the Kraiss and Schubert display (see

Fig. 4) were applied fur the implementation of the channel display on a

CRT screen. Twelve linear channel elements were lined up, bent paths

being appzox~sated by straight lines. Some hidden-line removal and area-

hatching techniques vere applied to avoid the effects of the -.hannel

appearing to "tilt over".
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The (LaRussa, circa 1960) Farrand Path-in-the-bk.y display (see Fig.

2) symbology is scaled according to the geometric equations illustrated

below. Although technology has, in recent years, changed from the tech-

nology used to develop the Farrand display, the following information may

contribute to an understanding of the concepts involved in its develop-

ment.

The author presents a solution to the problem of-producing the

distorted path, or runway for projection into three-dimensional space

(see Fig. 13):

&f*LATERAL DISPLACEMENT

OF AIRCRAFT

RESOLVER

y

I '
Ar MOTOR

(REF) POTENTIOMETER

Figure 13. LaRussa's Solution to Producing the Distorted Path for Pro-
jection into Three-Dimensional Space (from "A Multi-Purpose
Wide Field, Three-Dimensional Head-Up Display for Aircraft",
J.A. LaRussa, Farrand Optical Co., Inc., Valhalla NY, circa
1960).

The apparent widths of the near and far edges of the runway are dependent

on aircraft altitude, runway width and ranges to the near and far edges

of the runway, as illustrated in Figure 14. LaRussa illustrates in the

following drawing:
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PLAN VIEW

V2F

"WTWIDTH OF RUNWAY (KNOWN)

AIRCRAFT

ELEVATION VIEW

waTRIATRIANGLES TO BE SOLVED A?

RESOLVER RESOLVEF

'2A r3  S

0

(MANUALLY INSERT) (MANJUALLY INSERT)

2 2

MOTOR MOTOR

IREF) t POTIhNTIOMETER 2 2 OMEYE.1
202 2@2

Figure 14. LaRussa's Illustration of the Relationship Between the Runway
Size and Aircraft Altitude, Actual Runway Width and Ranges
to the Runway (from "A Multi-Purpose Wide Field, Three-
Dimensional Head-Up Display for Aircraft", J.A. LaRussa,
"Farrand Optical Co., Inc., Valhalla NY, circa 1960).
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Figure 15 demonstrates the servo driven analog computers used in the

Farrand display to solve the apparent angular size of the runway or path-

in-the-sky based on aircraft distance above or below the glideslope.

TOUCHDOWVN POINT (IDEAL)

NOTE OC+$sO414 WHNE~ ON GLIDE SLOPE, 0'4 '>C

RESOLVER
-•L -;r

2

RESOLVER
* -- R R+&R9

MOTOR,

MOTOR 4i*
(RE2 POTENTIOMEIFR

(RtEF) POTENTIOMETER K

Q Figure 15. LaRussa's Solution to Creating the Runway Based on Aircraft
Distance From Glideslope (from "A Multi-Purpose Wide Field,
Three-Dimensional Head-Up Display for Aircraft", J.A. LaRussa,
Farrand Optical Co., Inc., Valhalla NY, circa 1960).
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The next figure illustrates a displayed condition, and the angles gener-

ated on the CRTs to form a final composite view of the Farrand display.

P 14

Nt 1A-',ED VIEW~

OF ,,NERATEO IMAGE
ON CRT 2

_rAiR,_RAF1 AXES

PýTr. OA rARTý" IA O'IZON
(Q'Y, STI8LE PLATFORM

-' :

' tc O "Ax\

AN PR, I CAXE

S-JOVUNG POSITION (INITIALLY VARIABLE)
TOO LOW AND TOO
FAR PIGIIT OF THE
Gt IDO SLOPE

Figure 16. Displayed Condition and Angles Generated on the CRTs for
LaRussa's Format Design (from "A Multi-Purpose Wide Field,
Three-Dimensional Head-Up Display for Aircraft",
J.A. LaRussa, Farrand Optical Co., Inc., Valhalla NY, circa
1960).

LaRussa (circa 1960) shows the generation of an increased angle of attack

flight profile and resulting establishment of a glide slope with desired

angle of attack, illustrated in the following figure:
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ALONG GLIDE SLOPE COINUIT I
-WITH P, ANE OF LANDING GEAR

--'GLIDE SLOPE '
::•'" , --P,TCH BAR

AIRCRAFT AXEST-A

9 -
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SANGLE OF AI;ALX

3?CRT OUTPUT

-t-

-06

PITCH BAR
AIRCRAFT AXES

H2

,LTRIZON

(B)FLYING IN WITH INCREIAEN-
TAL ANGLE OF ATTACK A

CRT OUTPUT

Figure 17. LaRussa's Solution to the Establishment of a Glideslope with
Desired Angle of Attack (from "A Multi-Purpose Wide Field,
Three-Dimensional Head-Up Display for Aircraft", J.A. LaRussa,
Farrand Optical Co., Inc., Valhalla NY, circa 1960).

The technique used for Wild's (1966) display (see Fig. 6) with regard

to generation of the flight path involves scanning out in a regular manner

the reference surface, or model whose perspective image is to be computed.

The display plane coordinates of the intersection of the ray and display

plane for each point on the reference surface are computed. This method

results in generation of the flight path.
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2.2.4.2 Display Symbols

"a. Aircraft symbol and shadow size, according to

Knox and Leavitt (1977), must be adjusted to fit the path width (see Fig.

1). They suggested that the proportions be approximately 2/3 to 3/4 the

width of the path, so that the illusion of going outside the path during

turns does not occur.

Murphy, et. al. (1974 scaled the following symbols and parameters

accordingly ;n the SAAB perspective display (see Fig. 8). Altitude error

equaled 160 ft/in, airspeed error indicator equaled 33 knots per inch, the

velocity vector symbol was represented at 20 0 /inch, the length of the

reference height pole was 300 feet, and the circle for the altitude rate

moved vertically 600 feet per minute per dot. The digital readings wern

scaled in knots and in feet.

Five non-perspective symbols may be simultaneously displayed in Wild's

(1966) display (see Fig. 6), and are (1) an impact point or velocity

vector symbol, (2) a weapons symbol, (3) an airborne target symbol, (4) a

velocity cursor, and (5) two four-digit numbers. The impact point appears

as a cross and is generated through the selection of the appropriate cells

in an 8 X 8 matrix. A hollow square represants a weapon. A solid square,

whose size varies as a function of range to '.he target, symbolizes the

airborne target. A fixed and a vertically moving bar on a black background

represent the velocity cursor. The display scaling for Wild's (1966) dis-

play is designed to enable variability of the geometric parameters. These

include display width to height ratio, which may vary from 4:1 to 1:4, and

ground plane scale, in which the size of each cell may be set to 4', 8',

16', 32' or 64'. The airborne target symbol texture (blocks or cell pat-

tern) and size must be a minimum of one raster element square and a maximum

of 32 raster elements square. All other parameters may be varied by a

plug-in circuit card, by wiring, by a selector switch, or by programming,

or in relationship to the dimensions of other symbols on the display.
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Baty's (1976) three-display configuration (see Fig. 7) interrelated _Af

U. symbols and meaning across displays, and thu3, he emphasized, it was impor- V
•. r tant to make vertical and horizontal scaling compatible with the flight-

path angle scaling.

b. The raster lines of the Wild (1966) display plane

(see Fig. 6) are assumed to be parallel to the reference surfaces. Air-

craft roll is then added to the image by rolling the raster (yoke of the

CRT) as a function of real aircraft roll. Aircraft heading angle, pitch

angle, north and east velocity, and altitude rate are inputs into the con-

tact analog of Wild's display. The inputs are sampled each time frame, or

1/30 second. When the flight path is programmed as a flight director, the

commanded inputs of heading, pitch, roll, lateral displacement, altitude

error and velocity error are sampled each time frame.

2.2.4.3 Textured Surfaces

a. Wild (1966) reported that the structure of i:he

ground plane (see Fig. 6) is defined as one of infinite extent, tangent to

the earth's surface at the nadir of the aircraft. The surface is defined

by a hierarchy of patterns, which consist of 4 orders of 64-cell matrices

(8 X 8), each immersed in the next higher order pattern. Textures may be

varied within each matrix. The runway plus one other unique location may

- - appear on the ground plane. The runway is black and has a white dashed

centerline; the other unique location, however, follows a 3-order pattern

size, textured differently from the ground plane. The two obstacles, which

may appear in the display, have variable location, height, length and

width, but the sides (solid in color) must be parallel to a cardinal

direction. The tops have textured surfaces scaled the same as the

first-order ground plane texture.

In Wild's (1966) display, the sky plane appears parallel to the ground

plane and at a fixed altitude above the aircraft, which responds to rota-

tion about the three axes of the aircraft. it also contains 8 X 8 matrices
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whose pattern and spacing are variable. One matrix, texturally different

from the sky plane, appears at the intersection of the nadir-zenith line

and sky plane.

b. Wild's (1966) display (see Fig. 5) generates per-

spective pictures of a surface by computing the projection of the display

"raster pattern onto the reference surface. A ray originating at the view-

ing point passes through the display plane and intersects the reference
S~system. As tihe ray is scanned in time across the display surface, computa-

tion of its point of intersection with the reference surface occurs, and

is called the image of the scanning ray in the surface. The image's loca-

tion depends on the altitude and position of the display with respect to

the surface. The pattern on the reference surface becomes input data, is

stored in the computer and called the map table. When the coordinates of

the scanning ray image ate determined, they are referred to the map table

to locate the color of the reference surface at thic point. The surface

color is utilized to specify the drive to the electron guns of the CRT.

This technique of computing the image of the scanning ray projected onto

the reference surface generates the ground plane, sky plane, and obstacle

top surfaces.

• •2.3 Human Factors Requirements

* The literature reveals findings from studies which are intended to

asses:s the pilot's capabilities and needs to safely and accurately fly an

aircraft using a pictorial (such as flight path) display. These findings

are referred to herein as human factors, or pilot factors.

2.3.1 Display fSymbology

Wilckens (1973), after whose model Kraiss and Schubert designed

their channel display, addressed thirteen requirements (pp. 1-4) of display

symbolism, which are:
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1) The display system must free the pilot from the pressure of hav- .

ing to formulate a mental picture from information imparted intermit-

tently;

2) The final phase of landing requires particularly sensitive infor-

mation because of its narrow range;

3) Signal sensitivity must be useable by the pilot;

4) The system should enable easy, precise guidance;

5) The pilot should be able to freely' choose the approach flight

path if he sees the available space for maneuvering;

3 6) The content of the statements of the overall information should

change only under extraordinary conditions;

7) Information characteristics of higher order should be used for

displays of obviously higher priority;

2,8) The info'.'mation display should include and maximally develop the

strong human capabilities for controlling complitated dynamic systems with

almost artistic perfection;

9) The -flight training requirement should be based on constant

practice, even though flight is largely automatically guided;

10) Symbology should (whenever possible) be applicable to all flight

phases;

11) The natural capability of graphic types of information to signal

system failures should be utilized;

12) The sensation of motion should be used to enhance the system; and
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13) The display information should instill confideace in the pilot.

Wilckens (1973) advocated that the "formi" of information must be

treated with first priority in attempting to satisfy all thirteen (13)

conditions; however, he reported that Beyer listed "optimalization of the

display symbolism" last on a five priority scale.

With respect to judging flight path perspective, Wilckens reported

that straight-line visual approach is not easier to master than curved

visual approach, as some people have assumed.

A

2.3.2 Visual Perception

In attempting to develop a flight path display (or any cock-

pit display), certain visual perception factors regarding the interface

of mau and machine must be considered.

'V Care! (i961) investigated perceptual responses based on laboratory

(non-simulator, nonoperational flight) experiments with respect to contact

analog display features. He (later) defined a contact analog display

(1965) as "the point perspective projection of a three-dimensional model

to a picture plane".

Carel (1961, pp. 29-30) reported that: (a) The accuracy with which

pic is judged is independent of the shape and size of the texture pat-

tern, is partially dependent on the density of the optical pattern, is

greater for unbroken patterns than for random or irregular patterns, in-

creases with increasing aperture size, does not increase with the addition "

of forward motion when a regular periodic line pattern is used, and in-

creases with the condition of forward motion wnen an irregular pattern is

used. In general, according to Carel, the accuracy with which pitch is
•- ~judged decrease.g with increase in pitch. (b) Velocity change and direc- :

tion can be detected within six percent accuracy. (c) The accuracy with

which the collision point can be estimated by a pilot increases with the
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increase of the V/h ratio (V = velocity, in feet per second, h = height,

in feet). Wd) The accuracy with which the time-to-go can be estimated by

a pilot increases with increase in the V/h ratio. (e) Surface separation

(determining which surface is "closer" or "in front") can be achieved by

manipulating image brightnesc and image sharpness (i.e., ground should be

less bright or in less focus).

Orientation is dependent in part on visual cues, according to Carel

(1953). Orien-ation refers to four attributes of perception as indicated

by judgmental behavior with respect to (a) aircraft body position with

respect to the earth's surface; (b) direction of movement; (c) speed of
movement; and Cd) direction and ordinal position of objects in the visual

world.

Carel (1961) reported that in order to secure orientation, a display

i.must comprise (a) a textured surface, (b) a horizon, and (c) motion per-

spective (p. 5).

%Carel (1961) offered a list of the visual configurational aspects

(pp 6, 7) of experimental variables (images and flight conditions) to be

considered when evaluating an analog display. These are:

A. image/Objects

1) Complete replication of a sample of a real earth's

surface

2) Random distribution of varying size dots on the

sur face

3) Equally spaced parallel lines on the surface

4) Equally spaced parallel lines at right angles to

each other on the surface

5) Checkerboard arrangement on the surface
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B. Flight Conditions

1) Speed and rate of change of speed

2) Pitch end rate of change of pitch

3) Poll and rate of change of roll

4) Rate of climb/dive

5) Turns

6) Wind drift effects

The results, he stated, which must be looked for are functions and

errors of recognition of changes in velocity, altitude, pitch, roll., and

turn, recognition of point of impact, plus other qualitative orientation

errors.

Carel (1954) reported that one of the first things a pilot needs to

learn in instrument flight is to suppress most known forms of "tracking

"behavior"'. These natural inclinations must be overcome, to be substituted

by scme conceptual scheme generated by info-zation presented on the in-

scruments. Since the link which exists betwean instruments and controls

is a highly complex cognifive process, the solution to the tracking data

question may lie in one of two contrary directions: (a) design the dis-

play so thae "natural" tracking behavior will be effective, or (b) design

the display so that cognitive schemes will be quickly built up.

According to Carel, it is difficult to determine whether a system of

instrumentation is ineffective because the information types are incor-

rect, or merely because the displays are incorrect.

Emery and Koch (1965) investigated pilot performance of simulated

rotary wing maneuvers under three display conditions which augmented the

JANAIR contact analog vertical display with numeric information about

4o altitude, heading and airspeed. These three conditions included moving

"tape scales, moving pointer scales, and digital readouts, each presented

with the basic grid plane, and compared with each other and with the basic

43



Sgrid plane without the numeric information. Results indicated that

numeric information added to the display significantly (p < .01) increased

pilot performance when compared with the basic grid plane alone. Of the

three methods of displaying numeric information, superior performance was [
exhibited using the moving tape scales or moving pointer scales. [

Kraiss and Schubert (1976) found that when predictor information was

removed from their displays, no significant differences between the two-
and three-dimensional formats were found (see Figures Al and 4, respec-

tively). The authors noted with regard to this portion of their study,

that even with extensive training without the predictor, no subject was

ever able to reach the same score as with the predictor. Thus, the

authors concluded, predictor information could not be adequately substi-

tuted by either type of display aloaie.

The contributions of the real-world cues of runway outline in the

Eisele, et. al. (1976) displays (see Figures 5 and A2) increased at far

ranges from the touchdown aimpoint, and runway centerline cue increased

at near ranges. Also, the touchdown zone markings did not contribute

significantly to the overall accuracy or speed of judgments and the

presence of the texture grid was accompanied by slower judgments and at

medium range, more incorrect responses in the vertical dimension.

Statistically reliable interactions between visual elements indicated

that the presence of the runway outline contributed less when the "high-

"way" was present than when it was absent from the display, that the

texture grid enhanced performance when the runway outline was present,
but decreased performance when the touchdown zone markers were provided,
"resulting in slower responses when the runway centerline was absent.

2.3.3 IFR/VFR Transitioning

Transitioning between head-up (real world) visual flight and

head-down instrument flight creates hardships for the pilots. When

additional problems (heavy precipitation, fluctuation in ambient light,
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wind shear, smog or haze) are introduced, the pilot's workload increases,

due to the necessity for more frequent visual switching between real worldV and instrument flight (Shrager, pg. 1). This section is an over-view of

findings which point to the difficulties encountered by pilots when it

becomes necessary to transition between visual flight rules (VFR) and

instrument flight rules (IFR); the cited statistics aid the argument in

favor of a display system (e.g., flight path displays) which frees a

pilot from the burden of these constant visual and psychological transi-

tions by allowing (if properly designed) the pilot to fly using the

display exclusively.

Hanes and Ritchie (1965) identified two types of display problems

with regard to approach and landing during reduced weather minimums (low

ceiling, low visibility). These problems are associated with (a) display

of information when transitioning from IFR to VFR during the approach,

and (b) display of information under conditions where visual reference to

the ground prior to touchdown is not possible. Accuracy is a major

concern during approach and landing, and the time required to accurately

assess flight situation and initiate the appropriate control movement is

important also.

Byrnes (cited in Hanes and Ritchie, 1965) reported in studies regard-

ing response time lag of pilots, that the total time taken from clear dis-

tance vision to read a dial located on the instrument panel with recogni-

tion and return to clear distance vision is about 1.5 to 2.0 seconds.

Travis (cited in Hanes and Ritchie, 1965) found that it took 1.06 seconds

(average time) to fixate near and far stimuli successively, and make both

verbal and motor responses; also, the average time for accommodation and

convergence alone in refixation of near and far stimuli was 0.20 seconds.

Wuefeck, et. al. (cited in Hanes and Ritchie, 1965) estimated that it

takes 2.39 seconds to shift sight from outside the aircraft to the instru-

ment panel and back.
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Factors which may affect eye-movement, according to Hanes and Ritchie
(1965), are visual field, motion, duration intensity, spectral composi-

tion, visual angle, spatial arrangement of the signal, head and eye move-

ments between the panel and the outside world, and lighting factors.

Jenks (cited in Hanes and Ritchie, 1965', in research which studied

mechanical lag, found that it takes from 4.5 to 7 seconds (using autopilot 5
at a ground speed range of 129-171 mph) after the pilot moves the control

to initiate a turn until the aircraft shows a measurable departure from

track. Calvert and Sparke (cited in Hanes and Ritchie, 1965) reported

time-distance ratios for correcting maneuvers (flight tests conducted in

prop-driven aircraft) increased geometrically.

Ellis and Allan (cited in Hanes and Ritchie, 1965) they reported,

found that in studying eye movement during the last thirty (30) seconds

of VFR approach, eleven (11) pilots on the average looked outside the air-

craft 56% of the time, at panel instruments 32% of the time, and transi-

tioned between the two 12% of the time.

Hanes and Ritchie (1965) found in a pilot survey that 83% of the

pilots reported they preferred a combination ground control approach and

instrument landing system (i.e., ILS approach with GCA monitor) to either

alone for cross checking capability. The tendency of central computers

and complex displays is to reduce redundancy of information, they re-

ported; however, the capability for a-:curacy verification is reduced.

They suggested the use of uncollimated windscreen displays to counteract

this effect, as greater precision of display may be possible since dis-

play size may be larger than on the panel. Adverse effects of this

solution, they warned, could surface in optical absorption, object

obscuration, and reflection.
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SECTION III

F.JGHT PATH DISPLAY RESEARCH: FLIGHT PATH VS.

NON-PATHWAY DISPLAY COMPARISON STUDIES

Studies which have been done comparing pilot performance using flight

path displays and non-pathway displays are discussed in the following sec-

tion. Tables 3 and 4, which summarize the results of these studies, are

provided to simplify comparisons between display capabilities.

3.1 Fixed Wing Aircraft Displays

The two experimental studies described below evaluated flight path

displays designed for use on fixed wing aircraft.

3.1.1 Three-Dimensional Channel vs Two-Dimensional Display; Kraiss

k and Schubert

The authors (1976) tested ten subjects (all non-pilots) using

a fixed base Fouga Magister cockpit simulator, acquiring both objective

performance data as well as subjective responses (see Table 3), in three

experiments designed to assess the relative advantages of two-dimensional

and three-dimensional "channel" display formats (see Figures Al and 4,

respectively). The two types of displays used in these experiments were

(a) instrumentation with three two-dimensional display formats including

* Vertical Situation Display (VSD), Profile Situation Display (PSD), and

Horizontal Situation Display (HSD), and (b) instrumentation with one

three-dimensional pseudo-perspective display format. Experiment 1

compared accuracy in flying a complex mission profile. Experiment 2 was

designed to determine speed of orientation in space and asymptotically

flying onto the command path, and to assess differences in flight strate-

gies between the two displays. Experiment 3 was designed to test display

capabilities during turbulance, to assess the importance of predictor

information in both displays, and to examine eye point-of-regard measure-

ments.
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3.1.].1 Experiment I

a. Results from this study concerning accuracy in

flying a complex mission indicated that the three-dimensional display was

"flown seven to nine meters too high depending on the mission profile,

"which is representative of about 1/5 of the channel wall height. The two-

dimensional display showed a consistent error of only two meters over the

whole mission. The authors attributed the error made with the three-

dimensional format to visual perception, since, they said, the channel

does not give sufficient cues for the pilot to judge his altitude, which

may have mislead subjects as to the channel zero position. The authors

advise that a redesigned channel might avoid this systematic error.

The average lateral deviations are statistically the same for both

formats. However, in curved mission segments the three-dimensional format

produced errors of 35 meters (about 1/6 of the channel width), as compared

tc :he two-dimensional format, which produced errors of only 3 meters.

The error with the channel display was noted to have been always directed

toward the inner side of a curve (right or left), the reason being, the

auth.ors suspected, that the subject, as trained by his daily driving

experience, felt as though he were actually driving on a road, and so

approached the inner border of the "street" when flying a curve, thus

leaving the centerline.

In measuring the radial deviation from the command path, only during

transitions from curved to straight mission segments was the three-

dimensional display significantly better than the two-dimensional format.

Other mission segments showed the same tendency, but were not statisti-

cally significant. Additionally, a significantly higher roll angle

variance was found with the two-dimensional display. These findings led

the authors to conclude that subjects had more complete control over the

aircraft on curved paths when flying the channel display.
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b. Subjects reported feeling more stress when flying

the two-dimensional display, but thought its accuracy to be superior.

However, the three-dimensional channel was felt to be more realistic, and

allowed for a far quicker and simpler orientation. Display quality was

felt to be sufficient for both types of displays. Four of the ten respon-

dents reported that they felt vertical position information was inade-

quately presented, which was reflected in the above stated objective find-

ings regarding average vertical deviations.

3.1.1.2 Experiment 2

Results of the second experiment indicated that a

quick and smooth approach to the command path could be made in all cases.

However, with the two-dimensional format, subjects tended to overshoot in

lateral direction before finally approaching the command path asymptoti-

cally. The same behavior was seldom observed with the three-dimensional

display. Quick orientation was also simple with both types of displays.

Subjects reported having some difficulties flying exactly onto the curved

path using the three-dimensional display. Maintaining zero deviation over

long periods of time created difficulty, and caused tendencies to oscil-

late. They suggested this tendency may have been due to the dynamics of

the predictor being slower on the channel display than on the two-

dimensional display; the resolution of the predictor information was

Sworse in the three-dir.ensional display because a perspective presentation

assumes a reduction of size for objects far away.

3.1.1.3 Experiment 3

a. In determining display effect when stabilizing

the aircraft against heavy turbulances, the authors found that no large

differences could be observed. Their findings supported the theory pro--

posed by Knox and Leavitt (1977), which said that a reduction in scan

pattern (and hence, workload) would occur with use of a contact analog

display. Kraiss and Schubert (1976) discovered that with predictors in
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the displays, eye point of regard measurements showed that, using the

three-dimensional format, pilots looked steadily to the center of the I

channel, finding all needed information at or around this fixation point.

Using the two-dimensional format, subjects sequentially checked profile

and horizontal situation in a regular manner. Almost no attention was

F, paid to the vertical situation. When predictors were removed from the

displays, the scanning pattern over the three-dimensional display remained

unchanged except to become more scattered due to larger deviations of the

observed channel. The two-dimensional format (without predictor), how-

ever, forced subjects to alter their scanning behavior by scanning sequen-

tially all three parts of the display.

b. The subjects reported that, over a period of

thirty minutes, scanning the two-dimensional display was extremely tiring.

No complaints were made in this regard about the three-dimensional dis-

play.

3.1.1.4 Summary

The results of the Kraiss and Schubert (1976) study,

the authors said. indicate a need for further display development and

testing of the new display to attempt to correct the channel, which they

felt attributed to the systematic errors in maintaining a commanded

height.

3.1.2 Glideslope/Localizer Path Display vs Non-Path Display;

Eisele, Willeges and Roscoe

The authors investigated (see Table 3) synthetic imaging

displays with respect to the isolation of minimum sets of visual cues

sufficient for spatial orientation in ground-referenced aircraft landing

approaches. TV-projections of static computer-generated images containing

thirty-two various combinations of skeletal symbology from various posi-

-ions and attitudes during final approaches to landings were compared.

50



Lateral and vertical orientation deviations relative to a four-degree

glideslope and localizer path were measured and analyzed. The thirty-two

displays developed by Eisele, et. al. (1976) contained some combination

of (a) four symbolic elements depicting real world elements (runway out-

line, touchdown zone, runway centerline, and a textured surface designated

by a grid of "section lines") (see Fig. A2) plus (b) one synthetic element

(a row of four T-bars of increasing height positioned along the approach

centerline at 1/4, 1/2, 1, ana 2 miles from touchdown aimpoint) (see Fig.

5) to provide a visual representation of an imaginary glidescope or

localizer path. Also included in the symbology were touchdown aimpoint

and horizon. The displays were shown in a manner designed to assimilate

the experience of a pilot suddenly breaking out of an overcast on a final

instrument approach to the runway, and the scene disappearing immediately

following the pilot's response with no indication of erroneous or correct

response.

3.1.2.1 Discussion

Results from the comparison study indicated that

accuracy and speed of judgments were enhanced more by presence of syn-
thetic guidance information (the roll of T-bars) than by the perspective
projections of the four contact analog elements alone (the four T-bars

indicating the "highway in the sky" allowed more rapid and quite precise

position judgments).

3.1.2.2 Summary

Eisele, et. al. (1976) concluded that "the inclusion

of guidance and/or prediction information in addition to the essential

*i real-world elements in contact analog displays supports bcth rapid orien-

tation and accurate control (p. 29).'" They suggest that, due to the

results of their study, an appropriate follow-on study would be the inves-

tigation of performance measures using dynamic flight path prediction

"symbology along with true-perspective contact analog scenes in the same

displays.
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3.2 Rotary Wing Aircraft Displays

The next four studies presented involve the evaluation of flight path

displays designed for use in rotary wing aircraft.

3.2.1 SAAB Perspective Display vs RAE Transition and TELDIX Hover

Displays; Murphy, McGee, Palmer, Paulk and Wempe

A fixed-base Bell UH-IB helicopter simulator was used to com-
pare and evaluate (see Table 4) a SAAB perspective display, Royal Air-

craft Establishment (RAE) proposed combined transition display, and the

TELDIX hover display (see Figures 8, A3 and A4, respectively) for purposes

of developing display concepts for application to V/STOL zero-zero land-

ings (which differs from conventional takeoff and landing since the

following requirements are assumed: steep and/or curved approaches at

low and/or decelerating speeds; transition to hover; highly precise

energy management; high density, time-constrained flight environments).

Tracking performance, attitude variability, and control activity were

measured for a straight-in approach witn a command constant speed segment

and a deceleration segment. Six pilots served as subjects, flying data

runs with 60 and 150 flight path angles, with and without wind

conditions.

3.2.1.1 Objective Results

k Results from the Murphy, et. al. (1974) experimental

study indicated that (a) for localizer tracking, the RAE display proved

clearly less effective than the SAA13 and TELDIX displays, and the SAAB

display appeared to be more effective than the TELDIX display, (b) pilot

workload was lowest with the SAAB perspective display and highest withr the TELDIX display (the displays were ordered in effectiveness as follows:

SAAB, RAE, and TELDIX, where the differences revealed localizer and roll
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variability measures significant for both the constant speed and decelera-

ting segments and the sink and yaw measures significant only over the con-

stant speed segment), (c) the authors speculated that the lesser effec-

tiveness revealed by the SAAB display with respect to collective stick

RMS activity over the decelerating segment was probably due to the lack

of an artificial horizon indication for pitch cues, and Wd) time to cap-

ture was shortest with the TELDIX display and longest with the RAE !is-

play. An adverse effect of wind on performance occurred with the RAE

display; also, wind affected the localizer mean position over the constant

speed segment more for the RAE display than for the SAAB or TELDIX dis-

plays. Localizer mean position over the decelerating segment was

adversely affected by steep glideslope angle. The large localizer track-

ing errors, long time to capture, and adverse effects of wind or steep

glideslope imply, stated Murphy, et. al. (1974), deficiencies in present-

ing lateral guidance information in the RAE display. Although the SAAB

display permitted better localizer tracking than the RAE or TELDIX, time

to capture was shortest for the TELDIX display due possibly, the authors

surmised, to the relatively conventional cross-pointer presentation used

in the capture process.

3.2.1.2 Subjective Data C

Pilot opinion revealed a preference in favor of the

RAE display over the SAAB display (which was at variance with the objec-

tive performance measures); the TELDIX display was given the lowest pilot

opinion rating, due to the extensive central clutter on the TELDIX dis-

play. The only favorable comments given the TELDIX display were with

respect to the presentation of horizontal position information.

3.2.1.3 Summary

The results of the study implied that the SAAB

display provided lower pilot workload and/or better systems stability;

however, pilot opinion was not in favor of the SAAB in this study.
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3.2.2 Pathway and Pathway Plus Tarstrips Displays vs Non-Pathway

Displays; Sgro and Dougherty

In a JANAIR report, performance measures were compared (see

Table 4) for the basic helicopter flight maneuvers (low altitude, slow

speed) of hover, takeoff and touchdown, and air taxi among four basic

display configurations which included:

Display A - Basic grid plus an accented horizon line, haze

layer and sky texture (see Fig. A5),

Display B - Basic grid plus a white ground stabilized square

known as the ground position indicator (GPI) (see

Fig. A6),

Display C - Basic grid plus a straight, white roadway or

ground stabilized path (see Fig. 9), and

Display D - A display identical to Display C plus distance

identifiers (tarstrips) along the path (see Fig.

10).

Sgro and Dougherty (1963) compared helicopter pilot performance

using these particular displays where (1) the pathway provides direction

information for flight courses on all headings; (2) the tarstrips allow

for groundspeed estimates; and (3) the GPI is presented as a touchdown

point. The task variables under which these four aircraft displays were

evaluated included operational condition errors in assigned (1) altitudes

of ten feet and fifteen feet, (2) groundspeeds of five knots and twenty

knots, and (3) heading. Separate and combined scores for these conditions

L were analyzed. A dynamic (motion-based) simulator (whose cabin was a Bell

model 47-J cockpit) was used for the experiment, which was capable of

responding with six degrees of freedom. Toe platform limits of travel[ for the simulator's three angular motions were 100 of pitch, roll and
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yaw. Maximum acceleration was 400 per second for pitch, 600 per

second for roll, and 150 per second for yaw. Vertical motion of the

Bell UH-1A helicopter was the only motion dynamically simulated. The

limits of travel were + 3.5 feet; the maximum acceleration was 6.5 feet

per second.

3.2.2.1 Experiment 1: Hover Maneuver

Results indicated that with respect to the execution

of basic hovering maneuver tasks where the pilot was required to hold an h

assigned heading and altitude, performance measures of heading error V
showed Display C demonstrating superior crf)rmance (p < .05) to the other

displays when the pilot had to maintain lP-foot and 15-foot altitudes

(exception: Displays C and D showed no differences for conditions requir-

ing the pilot to maintain a 15-foot altitude) and when the combined scores

for all assigned conditions were considered. Significant differences in

altitude error data were found (p < .01) between displays when a 0-degree

heading was required, with Display D demonstrating the least errors, and

Display C the next fewest number of errors. Display D differed at the

.125 level from all displays except Display C. 3

"r An analysis of the right-lateral positions revealed significant (p <

.05) differences between displays for all experimental conditions comr-

bined; Display A yielded inferior performance, whereas Displays B, C, and

D were not statistically different. For left-lateral position, no sta-

tistical differences were found between displays. An analysis of the I]
combined error for left and right l~teral error scores showed Display

yielded the best performance (1) during conditions involving an assigned

30 heading (p < .01) and (2) for the combined total of all experimental

conditions (p < .05). Exception: Display. C and D showed no difference

under the assigned condition of 30 heading but differed (Display D was

superior to Display C) when all experimental conditions were analyzed

(p < .125).
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Fore position error data revealed differences (p < .05) between dis-

plays for conditions involving an assigned altitude of fifteen feet, show-

ing Displays A and D to be superior in performance. Display D differed a

(p < .125) from B and C, and Display A differed (p < .125) from B. No

statistical differences appeared between displays for the performance

measure of aft position, or for the combined fore-aft position.

Combined responses under each display revealed ibo significant differ-

ences.

3.2.2.2 Experiment 2: Takeoff, Hover, and Touchdown Maneuver

Sgro and Dougherty (1960) compared the performance

errors for the four displays during a takeoff, hover, and touchdown maneu-

ver in which the pilot was required to hold an assigned heading. They

reported heading performance deteriorated for all displays under an

assigned 30-degree heading. Also, Display A proved to be significantly

superior to the other displays with respect to vertical velocity for the

conditions containing an assigned heading of 30 degrees. The authors

stated that the simple grid plane appeared to offer more information for

proper maintenance of vertical velocity (the squares in the grid pattern

become relatively smaller as the aircraft increases in altitude and, con-

versely, the squares become larger as the aircraft decreases in altitude).

Position at point of touchdown proved significantly different (p <

.05) between displays for all experimental conditions combined, showing

Display B to be superior. Sgro and Dougherty (1963) felt the ground posi-

tion indicator provided positive information to the pilot, giving him

maximum direction of displacement.

3.2.2.3 Experiment 3: Takeoff, Air Taxi, and Touchdown

Maneuver

Takeoff, air taxi, and touchdown maneuvers were

tested, in which the pilot was required to hold an assigned heading,
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altitude and groundspeed, and reported that statistically significant

differences (p < .01) between displays for the combined conditions involv-

ing an assigned 30-degree heading were found, showing Displays C and D to

be ;uperior. Displays A and B exhibited the greatest variability for

means and ranges of deviation scores during the conditions containing an

assigned heading of 30 degrees. For the combined scores for conditions

involving an assigned altitude of fifteen feet and an assigned groundspeed

of twenty knots, and for the combined scores for all conditions, statisti-

cal differences (p < .05) appeared. Displays C and D were superior to A

and B; however, Display C did not differ significantly from Display D.

Performance variability for altitude was greater under Displays C and

D at the assigned altitude of ten feet than Displays A and B. When the

assigned altitude was increased to fifteen feet, all displays exhibited

extreme variability. No statistical differences were found between dis-

plays with respect to groundspeed.

Left-lateral position error data showed a significant (p < .05) dif-

ference between displays for (a) combined scores for conditions involving

an assigned 30-degree heading, and (b) combined scores for all conditions,

revealing Displays C and D to be superior to A and B. No statistically

Cf significant differences between displays were found for the performance

measure of right-lateral position error data. Displays C and D proved

superior with respect to the combined left and right lateral position

error scores for (a) the combined scores for conditions involving an

assigned 30-degree heading (p <.01) and for (b) combined scores for all

conditions (p <.05).

No significant differences between displays were revealed for cow.-

bined responses for hovering and takeoff, hovering and touchdown maneu- I
vers.

Analyses for touchdown positions for 0-degree and 30-degree headings

revealed that Display A, under a 0-degree heading, was inferior to the

other displays (p < .05), and that under a 30-degree heading, Displays C
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S and D were superior (p < .01), indicating, according to the authors, that

the greater amount of information in the display, the better the touch-

down performance.

3.2.2.4 Summary

Sgro and Dougherty (1963) concluded, based on their

findings, that the displays using the pathway (Displays C and D) yielded

superior performance to the non-pathway displays; however, the magnitude

of error was small enough to warrant the use of any of the four displays.

The authors felt the need for, based on the results of their study,

a speed marker moving along the pathway, since precision information had

not been included in the generalized grid-type display or even from VFR

flight conditions. In fact, Sgro and Dougherty extended their experiments

beyond the previously discussed data collection and added an altimeter

and an airspeed indicator to the cockpit; the ad?'tion of these instru-

ments subsequently reduced the error for the perfnrmance measures of alti-

tude and groundspeed, but in general an increase in errcr occurred for the

other performance measures. The authors attributed this tendency to the

possibility that the pilot's visual scan pattern was expanded to include

the inscruments, hence, insufficient time was permitted to monitor all

parameters in the vertical display.

Although the JANAIR study reports only on low altitude, slow speed

helicopter flight maneuvers, this research is especially interesting

because Sgro and Dougherty (1963) compared performance errors between

four different types of graphic displays rather than comparing perfor-

mance errors between contact and non-contact analog displays. Addition-

ally, these studies may be of consequence when evaluating displays for

V/STOL aircraft.
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3.2.3 Pathway and Pathway Plus Tarstrips Displays vs Non-Pathway

Displays; Emery and Dougherty

Helicopter pilot performance was evaluated (see Table 4)

during a JANAIR study using a flight pathway with and without tarstrips

during climbout, low cruise and descent maneuvers. The experiment tested

the same four display formats (see Figures 9, 10, A5 and A6) which were

described and tested by Sgro and Dougherty (1963).

Three glideslope angles were selected for testing in the experiment:

(1) six degrees climbout and approach; (2) eight degrees climbout and

approach; and (3) fourteen degrees climbout and approach. Two headings

were selected for study: (1) a cardinal heading representing 0 degrees;

and (2) a 30-degree heading. The aircraft's heading -as positioned prior

to the flight, and the subjects were to attempt to maintain the set head-I ing throughout flight.

The tests were performed using a dynamic simulator representative of[ the movements of a Bell UH-I helicopter. Subjects (four helicopter rated

pilots) were required to lift-off, air taxi, climbout, cruise, approach,

hover and land over a given destination, requiring them to maintain head-

ing, altitude, airspeed and glideslope.

3.2.3.1 Results

Results indicated that the climb airspeed error was

significantly lower (p < .01) when using the pathway displays (pathway

and pathway with tarstrips). No significant differences occurred between

the pathway and pathway with tarstrips displays, however. Emery and

Dougherty (1964) attributed these differences to the fact that one of the

major cues for speed is the movement of the grid, and during climb, the

interaction of speed and altitude is apparent. By adding a pathway to

the display, the pilot was able to segment his rate of change of altitude

from speed.
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For approach airspeed, no significant differences in performance

were discovered between the four displays. When evaluating pilot perfor-

mance for glideslope angle error, Emery and Dougherty (1964) found the

two pathway displays to be significantly superior (p < .01) to the non-

pathway displays, illustrating the utility, concluded Emery and Dougherty,

of the pathway in judging glideslope angles during approach.

Analysis of glideslope maximum vertical deviation showed significant

(p < .01) differences were found between displays, indicating the basic

grid plane (non-pathway) display, the pathway with tarstrips display, and

the pathway display to oe far superior to the basic grid plane with the

ground position indicator (GPI). No statistical differences were found

between the two pathway and the basic grid plane displays. According to

the authors, the reason for this occurrence is that the relative size of

the ground position indicator is affected by changes in altitude within

each scale, thus creating difficulties for the pilot in judging

glideslope position.

The hover fore/aft position, when tested, showed the pathway display

to be statistically (p < .01) superior to the pathway with tarstrips

display; there were no statistical differences, however, between the

ýY non-pathway (grid plane plus GPI) and pathway displays. No error could

be recorded for the basic grid plane display since no information with

respect to hovering was available on this display.

Hover lateral error was significantly higher (p < .01) for both of

the pathway displays (again no error could be recorded for the basic grid

plane display). There was no statistical difference between the two path-

:2 way displays. The authors suggested that the difference may have been due

to the fact that the grid and GPI present more final position information,

since the pathway is cut off at ten feet. No significant differences

occurred between display formats when evaluating hover altitude error.
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Table 4

PILOT PERFORMANCE DURING SPECIFIED FLIGHT TASKS /MANEUVERS: COMPARISON BETWEEN FLIGHT PAT' A

Rotary Wing Aircraft Displays
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3.2.3.2 Summary

The authors' interpretations of the data from this

study emphasize the importance which a flight path and ground-related

symbols play in enhancing the pilot's sense of visual perspective.

3.2.4 Pathway and Pathway Plus Tarstrips Displays vs Non-Pathway

Displays; Curtin, Emery, Elam and Dougherty

In experimental flight tests conducted (see Table 4) in a

UH-1 (Bell) helicopter for the JANAIR program, a contact analog (or ver-

tical flight) display was evaluated. The study examined the basic grid

plane with and without a flight pathway (see Fig. 11). Tarstrips and

speed markers appeared on the pathway to indicate speed. During cross-

country flight maneuvering a ground position indicator was displayed to

indicate the final touchdown position. The grid plane and a remote altim-

eter indicated altitude to the pilots in the absence of the pathway.

The vertical display appeared above a horizontal display (slide pre-

sentations of a moving map, with a fixed aircraft symbol in the center of

the display, always with heading up).

3.2.4.1 Discussion

The study investigated the performance of six heli-

copter pilots using displays with and without the pathway during a spec-

trum of basic flight maneuvers. Results from this study indicated that

(1) for the climb to altitude, observer evaluations showed that no partic-

ular problems were encountered by subjects with respect to airspeed con-

trol during the climbout mode, lateral track control was unaffected by

presence or absence of the pathway, and vertical track control was as

good and/or slightly better when the pathway was not available (the

tendency noted by Curtin, et. a!. (1966) was for pilots to climb above the

pathway and hold their position with the pathway beneath, enabling the

pilot to see more readily the path; without the pathway this relative
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difference was not as great); (2) for the cross-country cruise, track con-

trol with the pathway was maintained within + 870 feet; without the path-

way, lateral track error increased to an average of + 1728 feet; cruise

airspeed control was not significantly affected by the presence or absence

of tarstrips or speed markers on the pathway; pilots averaged + 112 feet

vertically from the pathway, and experienced momentary deviations of + 147
feet from the commanded flight path without the pathway; and (3) for the

approach to hover, glide path track control decreased severely when the

pathway was removed from the display. Subjective data acquired through

questionnaires confirmed these findings.

3.2.4.2 Summary

One of the problems encountered with flight path

displays which was noted in this study, is one which deserves special

attention, particularly when considering future flight path display

development. Pilots tended to climb in altitude to a position where they

felt they could "view" the path below them. Particularly during landing

modes this tendency could create problems; redesign of the display might

1'.• be required to effect better pilot performance.

3.2.5 Section Summary

In summary, the above results permit the following generali-

zations:

Pilots showed, in simulated flight tests using fixed wing aircraft

displays with flight paths, superior performance for radial and roll accu-

racy, lateral direction when approaching the command path asymptotically,

control accuracy and speed of judgments during localizer tracking, and

time to capture path, plus reduced scan pattern and workload, than when

using non-pathway displays.

Pilots showed, in simulated flight tests using rotary wing aircraft

displays with flight paths and textured surfaces, superior performance
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for heading, altitude, groundspeed and airspeed accuracy, left and com-

bined left-and-right lateral position accuracy, fore position accuracy,

position at touchdown, and glideslope angle accuracy, than when using I

"non-pathway displays.

Additionally, inferior pilot performance when using the flight path

displays was observed for:

(a) altitude accuracy, only when textural background did not

accompany the pathway;

(b) lateral accuracy during curved mission segments, in which

pilots tended to counteract for curves in the command path by

banking toward the outer edge of the pathway (as one might do

when driving a vehicle around a sharp, banked road curve)

rather than maintaining flight down the center of the

pictured path;

"(c) time to capture path, when the flight path display was

compared to a non-pathway display using bank and pitch

steering bars;

(d) fore position, when compared to a textured display with a

ground position indicator, and when compared with another

pathway display which also included tarstrips on the path;

(e) vertical velocity, when compared to a display which did not

incorporate a ground position indicator; and

-(f) position at point of touchdown, when compared to a grid dis-

play with a ground position indicator.

These findings point to the importance of a pictorial pathway, a

textured background, tarstrips on the path, and ground position indicator

as visual orientation, perspective and closure cues in display symbology.
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SECTION IV

CONCLUSIONS

"It is by facilitating (the pilot's)
intelligent action in the face of
opportunity or adversity that pictorial
situation displays...may contribute
most directly to flight safety and
mission success."

Eisele, et. al., 1976, p. 33

The following conclusions have been drawn, based on the preceding

references:

1. Flight path displays have the potential ability to provide the pilot

with visual cues such as perspective, orientation, and closure, whereas

non-pathway displays do not.

2. The presence of a pathway, a textural surface, path predictor, speed

markers (tarstrips) along the pathway, a touchdown symbol (ground position

indicator) and moving scales for heading, altitude and airspeed serve to
enhance the information display.

a. The use of a pictorial flight path allows the pilot greater reli-

ance on the display for orientation and frame of reference during adverse
weather or darkness.

b. The use of symbols arranged in a configuration which appears
analogous to the real world depicts relative movement rather than specific

facts, which removes some of the need for the pilot to mentally compute

figures in order to assess his flight situation.

c. The incorporation of a textural background into the flight p~th

display enhances pilot performance by increasing visual perspective.

[
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d. Path predictor information cannot be adequately substituted by

either a flight path or non-pathway display alone.

e. Tarstrips on the pathway (horizontal lines parallel to the hori-

zon) are instrumental in enhancing display information with respect to

fore position.

f. Position at point of touchdown is enhanced via a ground position

indicator.

g. Presenting numeric information such as heading, altitude, or air-

speed via moving tapes or scales enhances display information.

h. Moving pointer scales, or moving tape scales as methods of provid-

ing numerical information, allow greater accuracy than digital readouts.

3. Structural features with respect to the format and geometric design of

a cockpit display elicit certain response tendencies from the pilot.

a. Pilot performance does not differ when comparing thirty- and

sixty-degree fields of view.

b. Airspeed control is significantly enhanced when using a 12" square

screen as opposed to a 6" square screen.

c. Final touchdown position is significantly more accurate when using

a 6" square screen rather than a 12" square screen.

d. The presence of bank and pitch steering bars on a display allows

pilots to capture the command path in less time than the pictorial path-

S~way.
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4. Lateral and vertical displacement is not as critical during cruise

control as it is during approach and landing. In order for a flight path

display to be effective during approach and landing modes as well as dur- i A
ing cruise modes, the scaling of a flight path display requires special

attention.

5. The natural tendencies of steering (as learned from driving experi-

ences) can be effectively utilized with a flight path display to reduce j•

the amount of time and money spent in training and maintaining the effi- I
ciency of pilots.

J
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SECTION V

"RECOMMENDATIONS

Based on the previously stated conclusions with respect to flight path

displays, the following recommendations are offered for consideration:

"I. Flight path displays should be evaluated against those display systems

which are currently in wide use. Studies cited in this report were de-

signed to assess the valiiity of features within flight path displays;

however, in so doing, they compared flight path displays only to systems

-, which were merely conceptualized and/or little used, and these findings

are of less practical value to researchers than if the flight path dis-

plays were compared to those systems presently used and accepted. The

recommended approach would enable a judgment as to the advisability of

proceeding with research and/or developing for use the proposed flight

path display concept.

2. An ideal display should incorporate the following symbology: command N

flight path, textural background, path predictor information, speed

markers (tarstrips), a touchdown symbol, and moving numerical scales for

hreading, altitude, and airspeed information.

3. Flight path displays should be designed so that they are adaptable to

various modes of flight.

a. Scaling techniques for various fligh.: modes should be incorporated

into flight path displays in order to compensate for human abilities with

respect to man-machine interface.

b. Transitions to new modes of flight should be enhanced by signaling

the pilot through the use of configuration changes to the aircraft symbol,

of flashing symbols, and/or of color.
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4. For approach and landing, the flight path display should be designed

to address the problem wherein an aircraft and its display are too sensi-

tive to the effects of wind and/or pilot control. The result of this

oversensitivity is that the slightest displacement of the aircraft could

potentially move the aircraft outside of the range of the flight path

display, thus eliminating the pilot's frame of reference. This problem

would be especially critical during adverse weather or darkness.

Effective ways of dealing with this problem would be to:

a. Symbolically and operationally relate aircraft displacement from

the runway in terms of runway width rather than degrees. This would tend

to enhance the display in terms of its literal interpretation, thus more

closely approximating the pilot's natural frame of reference.

b. Increase the degree of sensitivity during the final stages of

landing approaching touch3own, and then at an appropriate point, allow it

to decrease or remain constant.

5. Flight path displays portray perspective and closure to the pilot,

whereas mechanical and electronic attitude director indicator/horizontal

situation indicator display systems usually do not. Since results from

studies evaluating flight path displays show that the presence of perspec-

tive, closure, and orientation cues enhance pilot performance, further

investigations into the implementation of the flight path display concept

are deemed viable and desirable actions for future display research and

development.

"6. Figure 18a illustrates an integrated flight path display format con-

ceptualized on the basis of information and impressions derived from the

preceding referenced displays and evaluation studies. This proposed

flight path disp'ay may appear either on a head-up or head -down display.

It consists primarily of a three-dimensional perspective channel and an

aircraft symbol. The aircraft symbol is a stationary symbol, and the

channel moves about it with changes in lateral and vertical direction.
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The option exists for various elements of information (symbols, numerical

readouts, scales, etc.) to be selectively displayed or eliminated from the
format by use of a declutter switch.

The pilot's task requires him to guide the aircraft symbol through

"the center of the channel in order to accurately stay on course. When

the pilot is flying the command path, the channel floor and the wings of

the aircraft symbol will appear parallel and horizontal. The tail of the

aircraft symbol will align with the channel's centerline indicating
lateral accuracy, and the wings will align horizontally with the altitude

reference lines on either side of the channel's entrance, indicating

vertical (altitude) accuracy.

N ALTITUDE REFERENCE LINE

SPEED COMMAND INDICATORS• • //

•~CENTERLINE

•i•,• •- CHANNEL FLOORS

AIRCRAFT SYMBOL
-4- & PATH PREDICTOR

e.RATIO SCALING CHANNEL c. REPRESENTATIVE LENGTH
HEIGHT TO CHANNEL & WIDTH OF CHANNEL(miles

WIDTH (feet) 0 00

b. FIELD OF VIEW (degrees) I 7 1Z'§i

PILOT SELECTABLE DIMENSION

Figure 18a. Proposed Flight Path Display: Channel Configuration
Depicts Aircraft to be Slightly to Right of Command

4. Path, but Flying the Command Altitude. The Aircraft is
Heading Slightly to the Left, as Indicated by the Path
Predic tor.

§ The inner and outer channel walls contai., vertical line segments per-

pendicular to horizontal lines on the upper (inside) viev of the floor.

The floor lines are perpendicular to the centerline. These line segments
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serve as (1) a speed command indicator (via a strobing effect) and (2) an i
aid to pilot visual orientation with respect to the aircraft symbol and

the channel. The aircraft symbol is augmented by a dashed line path pre-

dictor. Each of the four consecutive dashes represents a time period of

10 seconds, indicating future aircraft position 10, 20, 30 and 40 seconds

later if the aircraft were to maintain present flight conditions.

i!7d" _/4-00 LI L/ I

Figure 18b. Proposed Flight Path Display: Aircraft is Depicted as
Being to the Extreme Lower Right of the Command Path,
but Flying Toward it for Capture.

The channel extends into the distance so that upcoming curves in the

path may be anticipated. The channel is designed to be viewed from all

angles. This implies that even though the channel may appear in the form

of a tiny configuration (see Fig. 18b) in a far corner of the display,
•\ indicating extreme lateral and vertical deviation from the path, or as abackward view of the entrance to the channel (see Fig. 18c), indicating

that the pilot is directed 1800 away from the command heading, some

"perspective of the channel would still be in view of the pilot and never

completely disappear from the display surface. Thus, the inability to

intercept the path due to a loss of display would never be a problem.
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Figure l8c. Proposed Flighnt Path Display: Aircraft is Symbolized
as Heading Away From (1800) Command Flight Path, but
if Aircraft Continues Present Course (Extreme Left), it
Will Eventually Capture Path.

Tf the display were to appear on a head-down CRT (as opposed to a

HUD), the channel's inner and outer portions may be shade- or color-coded

in some way that makes differentiating easy for the observer. Ques-

tions arising with respect to the d' -f orientation, then, could

be answered more quickly, especiallyin, r ions from the command

path are great, and the channel is c(o;cu.1e.

The pilot may change the scale of several dimensions of the format via

switch select~ion for the various maneuvers he will be required to perform

throughout his flight. He may adjust: (1) the channel height-to-width

ratio (the aircraft symbol remains fixed in size, regardless of channel

or actual aircraft proportions); (2) the field of view; and (3) the

lea~gth and breadth of the channel in terms of their representative

dimensions. These dimensions would appear on the display at all times,

and their values could be changed whenever the pilot deemed it necessary.
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Information additional to the channel and aircraft symbol may be

displayed (See Fig. 18d) on the head-down or head-up display by pilot

selection. This information may include moving heading, altitude and

airspeed scales all of which provide command indicators, current readouts,

plus rate and direction of change. Also angle-of-attack and slip indi-

cators may be made available on the display to enhance accuracy of flight

pith control.

PRESENT HEADING,' 10 11 122 13 14

---- COMMAND HEADING

350- RUNWAY OUTLINE '- HORIZON LINE 14000

300- PRESENT AIRSPEED PRESENT ALTITUDE. L3500

PRESENT 32051

-3200
..,THREAT

250 -SYMBOL OBSTRUCTION

_ COMMAND /f 2500

-- 'AIRSPEED
200-] COMMAND

ALTITUDE

ANGLE OF ATTACK TV10 10INDICATORI

0\TREAT L JV
0 SYMBOL ~ INDICATOR

Figure 18d. Proposed Flight Path Display: Aircraft is Shown Above
and Slightly to Left of Command Path, Banking Slightly
to the Right to Attempt to Intercept the Path Laterally.

The option of including a textured surface, with sky, horizon line and

ground would 1,e svailable, should the pilot desire this type of informa-

tion. As the channel turns, or banks, the horizon line (and accompanying

ground/,ky texture) would bank also, in conjunction with the path. Radar-

detected obstructions or threats may be indicated on the display per the

pilot's command. Finally, a runway outline would appear on the display
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"at the end of the channel during the approach and landing modes. The out-

r line of the runway would become proportionately larger as the pilot

;approached touchdown, and the outer edges would stream by his view once

he reached the runway, approximating the view seen by a pilot landing VFR.

The described conceptualized flight path display is proposed for

future testing and evaluation as a viable replacement for contemporary

cockpit displays.
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APPENDIX A

ILLUSTRATIONS OF NON-FLIGHT PATH DISPLAYS USE IN

REFERENCED COMPARISON STUDIES
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I*-700m-- l PD VSD AIRCRAFT SYMBOL (FIXED)

ACTUAL A
POSIION ~ -~- -ARTIFICIAL

(FIXED) AO =3-I' - HORIZON

so 01.A=250

S~BASELINE//

w PATH / 1

••' 70 0 m

BASELINE l1OOm-I ACTUAL POSI1iON(FIXED)

-5

Fi gure Al. Kraiss and Schubert: Two Dimensional Display (from

"Comparative Experimental Evaluation of Two-Dimensional

and Pseudo-Perspective Displays for Guidance and Control",
K. F. Kraiss and E. Schubert, Research Institute for
Human Engineerig, Buschstrausee, Germany, November 1976).
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011I00

Touchdown Zone Runway Outline
Runway Centerline Touchdown Zone

01110
11110
Ruchow ZoneI n

Runway Cnterlinein
Texture Grid Runway Ceeterlins

Texture Grid

Figure A2. Eisele, Willeges and Roscoe: Non-Pathway Display
Configurations (from "The Isolation of Minimum Sets
of Visual image Cues Sufficient for Spatial Orientation
During Aircraft Landing Approaches", J. E. Eisele,
R. C. Willeges, S. N. Roscoe, Aviation Research
Laboratory, University of Ill.nois at Urbana-Champaign,
Savoy IL, November 1976).
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HEADING TAPE
& WINDOW '

GROUND 0612
SPEED -- "*035 / . A1700-o-ALTITUDE

VELOCITY -WIND SYMBOL
VECTOR SPEED

ERRORLANDING PAD

GLIDESLOPE ~~j REQUIRED APOC
INDICATOR NTITUDE RATEF REQUIRE ALTITUDEr RATE

DI5000..-..-DISTANCE TO GO

RANGE MARK-----,,
R MU00 SIDE FORCE

Figure A3. Murphy, McGee, Palmer, Paulk and Wempe: RAE
Display (from "Simulator Evaluation of Three Situation

and Guidance Displays for V/STOL Zero-Zero Landings",
M. R. Murphy, L. A. McGee, E. A. Palmer, C. H. Paulk

and T. E. Wempe, NASA Ames Research Center, Moffett

Field CA, April 1974).
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HEADING TAPE& WINDOW

0 6 APPROACH 09 1
SECTOR \SITE

AIRSPEED

ALTITUDE
GROUNDSPEED 04

ALTITUDE
0 RATE

AlIRSPEED
DEVIATION

RANGE
CIRCLES

HORIZON
BAR

GLIDESLOPE

200 LOCALIZER

020

Figure A4. Murphy, McGee, Palmer, Paulk and Wempe: TELDIX
Hover Display (from "Simulator Evaluation of Three
Situation and Guidance Displays for V/STOL Zero-
Zero Landings", M. R. '."urphy, L. A. McGee, E. A. Palmer,

C. H. Paulk and T. E. Wempe, NASA Ames Research Center,
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TE E

HORIZONSK 
PLN

<=> LAYER

BASIC
GRID PLANE__ ____

Figure A5. Sgro and Dougherty; Emery and Dougherty: Grid
Plane Display (from "Contact Analog Simulator
Evaluations: Hovering and Air Taxi Maneuvers",
J. A. Sgro and D. J. Dougherty, Bell Helicopter Co.,
Report No. D228-421-016, Fort Worth TX, December
1963).
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TEXTURED
SKY PLANE

< > HAZE
LAYER

POSITION
INDICATOR

Figure A6. Sgro and Dougherty; Emery and Dougherty: Grid
Plan Plus Ground Position Iiidicator (GPI) Display
(from "Contact Analog Simulator Evaluations: Hovering
and Air Taxi Maneuvers", J. A. Sgro and D. J. Dougherty,
Bell Helicopter Co., Report No. D228-421-016,
Fort Worth TX, December 1963).
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APPENDIX B

Si • EXAMPLE ILLUSTRATIONS OF CURRENT COCKPIT DISPLAYS
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AD I 001 1 -*1. Rank Steering Bar 1
2. Attitude Sphere
3. Pitch Sleeting Bu,
4. HorizonBar

*S. Miniatuire Aircraft

7. Bank Pointer5

8. Bank Scale 1
-- 9. Pitch Trim Index6

10. Pitch Trim KnobY
11. Turn and Slip Indicator12::

12. Attitude Warning FlagF8r
13. Glide Slope Peviation Scale3
14. Glide Slop. Warnint. Flag9
15. Glide Slope Indicator V

16. Pitch Reference Scale 1
17. Course Warning Flog0

HSI
18. Upper Lubber Line j3529
19. Course Selector Window
20. Course Arrow (Head) 3 OE2
21. Course Deviation Indicator 3
22. Bearing Pointer (Tail) 322
23. Aircraft Symbol 2
24. Heading Marker 82
25. Course Set Knob
26. Lower tubber Line 2
27. HeadingSetKnoba
28. Compass Card 2
29. Course Arrow (Tail)27 - ,30. Bearing Pointer HAICUS

31. TO.FROM IndicatorSEST
32. Course Deviation Scale0
33. Range Indicator and Warning Flag -

Figure Bi. Flight Director System: Attitude Director Indicator/
Horizontal Situation Indicator (ADI/HSI).
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SNedlinl Scale
Preselt Heading

Vlah No-- ert icil
M09 4 35 0001 02 I 900A, I fcity(ft/0,N)

400 135M."
0_-Aircrtft Sjymbl

F34 15 A• AWN

300 00

CASAirs C S-5 -Artificial 4?rizom

Ai-" fdLime
S:Pitck Azjlj -- 

Lime-
Positive "---gitc Ale

flight Director

leak Scale Slip Irdicator Balk Pointer

f' Figure B2. Electronic Attitude Director Indicator (EADI).
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"-bVANCED TO THE STATE WHERE THE FLIGHT PATH DISPLAY--AN INTEGRATED FORMA'T ON WHICH
!"ARE GRAPHICALLY REPRESENTED--IS FEASIBLE. THIS. REPORT RESEARCHES EFFORTS :MADE TO
JIYrED WING AND-ROTARY WING AIRCRAFT- RESULTS FROM COMPARISON EVALUATIONS OF FLIGHT
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